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EXTIRPATION OF THE CHOROID PLEXUS OF THE LATERAL 
VENTRICLES IN COMMUNICATING HYDROCEPHALUS 


By Watter E. Danpy, M.D. 


or Mp. 


(From the Department of Surgery, The Johns Hopkins Hospital and University) 


No form of treatment, either medical or surgical, has yet a valid claim 
to the cure of a single case of hydrocephalus, except in those cases caused 
by tumor and relieved by tumor extirpation. But hydrocephalus is a curable 
disease. This is demonstrated by the not infrequent cases which have been 
cured spontaneously, though usually at a time when cerebral destruction 
has left the patient a hopeless imbecile. The reason for nature’s successes 
is that the cause has been either circumvented or overcome. The reason 
for medical or surgical failures is that the cause has not been recognized. 
All forms of therapy have been entirely empirical. They have been directed 
toward the effect rather than the cause. They have lacked not only the 
etiology and pathology of the disease but even a knowledge of the circula- 
tion of cerebrospinal fluid before pathological changes have occurred. 

Hydrocephalus should no longer be classified as an idiopathic disease. 
Its pathology and, in large part, its etiology are definitely established.* 
With the cause recognized, a rational form of therapy is indicated. I make 
this statement principally upon the results of our own investigations, which 
have been conducted in the past five years. These studies include the paths 
for the circulation of cerebrospinal fluid, the place and manner of formation 
and absorption of cerebrospinal fluid, the experimental production of hydrvu- 
cephalus, the pathogenesis of many cases of hydrocephalus studied clinically 
by the phenolsulphonephthalein test, and the pathology of the various so- 
called types of hydrocephalus by post-mortem examination. The present 
communication is directed to the treatment based upon these observations. 

A knowledge of the type of hydrocephalus is an absolute prerequisite to 
its treatment. The timeworn symptomatic classifications are incodrdinate ana 
confusing. The classification on the following page is presented, based upon 
the etiology and pathology of the disease: 

* Dandy, W. E., and Blackfan, K. D.: Internal Hydrocephalus. An Experimental, 
Clinical, and Pathological Study. J. Am. M. Assoc., 1913, lxi, 2216; Am. J. Dis. Child., 


1914, viii, 406; Beitr. z. klin. Chir., 1914, xciii, 392. Internal Hydrocephalus, Second 
Paper. Am. J. Dis. Child., 1917, xiv, 424. 
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The vast majority of cases of hydrocephalus are included in one of the two 
groups: (1) Communicating hydrocephalus; (2) obstructive hydrocephalus. 
The other types are rare. It will be noted that no separate subdivision has 
been made into internal and external hydrocephalus. It is a question whether 
external hydrocephalus ever really exists as a primary condition. It seems 
to be a secondary transformation of a primary internal hydrocephalus. This 
metamorphosis is probably due to a local or general atrophy of the cerebrum 
permitting escape to the exterior by these artificial channels. Because of 
the rarity of this condition, however, our facts are not sufficient to make 
a positive stand in this statement. It is conceivable, though not proven, 
that it may also result from a transfer of cerebrospinal fluid from the suba- 
rachnoid space to the subdural space in communicating hydrocephalus. | The 
exact status of so-called external hydrocephalus is still in doubt. With 
this rare exception, nearly all hydrocephalus is internal ; that is, the accumu- 
lation of cerebrospinal fluid is in the ventricles. It is internal for the very 
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good reason that cerebrospinal fluid forms in the ventricles and cannot reach 
the exterior (obstructive hydrocephalus) ; or at most it reaches only a small 
fraction of the external absorbing surface—the posterior cranial fossa 
and spinal canal (communicating hydrocephalus). In either case the fluid 
dams back at its source. If cerebrospinal fluid could reach the subarach- 
noid space over the entire exterior of the brain, it would be absorbed and 
hydrocephalus could not exist. 

Another rare type of hydrocephalus is that due to thrombosis of the 
vena magna Galeni. Owing to insufficient collateral venous circulation, 
hydrocephalus then results from an increased production of cerebrospinal 
fluid by venous stasis, just as ascites often follows stenosis of the inferior 
vena cava. I have produced this type experimentally, but have seen no 
instance clinically. Only a few cases have been reported in the literature. 

In acute meningitis of inflammatory origin there is undoubtedly an 
increased production of fluid from the products of the inflammation. It is 
questionable whether an increase of fluid by exudation should be classified 
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with true hydrocephalus. It is probably external as much if not more than 
internal, because the infection has a general but principally external dis- 
tribution. It subsides with the decline of the infection and is not of prac- 
tical import in considering the treatment of hydrocephalus. An increase of 
fluid also follows trauma to the brain in fractures of the skull. It is prob- 
ably of vascular origin, and usually subsides rapidly. 

Fundamentally the two main types of hydrocephalus—obstructive and 
communicating—are similar. Both are due to an obstruction in the cerebro- 
spinal fluid circulatory system. In our series of cases in children the relative 
frequency is nearly the same. In the former the obstruction is in the ven- 
tricles and in the latter in the subarachnoid space. The only reason for 
subdividing hydrocephalus into groups is that the anatomical differences in 
the two types necessitate an entirely different operative procedure for the 
treatment of each. 

In this paper only the treatment of the communicating type of hydro- 
cephalus will be considered. A form of treatment for hydrocephalus with 
obstruction will be presented in a later communication. For a proper under- 
standing of the basis for the operation herein proposed, a brief explanation of 
the underlying etiology and pathology is necessary. 

The Etiology and Pathology of Hydrocephalus with Communication.— 
It is the communicating type of hydrocephalus which has caused all hydro- 
cephalus to be considered idiopathic. Though numerous explanations have 
been proposed, no pathologic findings have been presented until recently. 
All the ventricles communicate with each other and with the subarachnoid 
space, and post-mortem examinations of the brain have heretofore revealed 
nothing to the naked eye. The reason for the negative findings has been an 
inadequate knowledge (1) of the post-mortem appearance of the normal 
subarachnoid space and the pia arachnoid membranes; (2) of the altera- 
tions produced by pathological changes; (3) of the relation of the subarach- 
noid space to the absorption of cerebrospinal fluid; and (4) the anatomy 
and physiology of the cerebrospinal fluid circulatory system. 

The only satisfactory time to observe changes in the meninges is when 
the brain is being removed. Adhesions of an extensive nature will then 
be seen and divided, but later will show very little in the preserved specimen. 
In cases of communicating hydrocephalus the menimges will be opaque and 
thickened, the normal filmy pia arachnoid will be replaced by a firm, fibrous, 
adherent membrane. This will be especially noted in the cisternz at the base 
of the brain. The adhesions are often so dense as to tear the brain during 
their liberation. It is the distribution or location of these adhesions, not their 
extent, which determines the production of hydrocephalus (Fig. 5). Adhe- 
sions encircling the midbrain where it passes through the incisura tentorii, 
will destroy all communication between the posterior and middle cranial 
fossz and thereby eliminate the entire subarachnoid space over both cerebral 
hemispheres from participation in the absorption of cerebrospinal fluid. 
Hydrocephalus will invariably result from such a process. Adhesions which 
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close the cisternz at the base of the brain will also produce hydrocephalus 
just as effectively. 

The extraventricular cerebrospinal circulatory system may be compared 
to the trunk and branches of a tree—the cisterne representing the trunk, 
the subarachnoid spaces over the cerebral hemispheres the branches. Oblitera- 
tion of the cisterne by adhesions is equivalent to transection of the trunk 
of atree. All distal communication will be destroyed and hydrocephalus 
will follow. Large areas of adhesions may be present over the cerebral 
hemispheres with only local effects and with no effect upon the general cere- 
brospinal fluid circulation. This is analogous to the absence of a relation- 
ship between the destruction of branches and the life of a tree. The absorb- 
ing function of these local areas is easily compensated by the subarachnoid 
space over the remainder of the brain. 

In each of our cases these adhesions have also obliterated either one or 
two of the three foramina (Luschka and Magendie) by which the ventricles 
and the subarachnoid space normally communicate (Fig. 5). One foramen 
remaining patent will maintain an adequate transfer of cerebrospinal fluid. 
Should the adhesions close all three foramina at the base instead of only 
one or two, an obstructive hydrocephalus would result. In short, communi- 
cating hydrocephalus is due not to a reduction in the avenues of communi- 
cation between the ventricles and the subarachnoid space but to a blocking 
of the primary trunks of the subarachnoid space, thus preventing cerebro- 
spinal fluid from passing to the branches. The distribution of cerebrospinal 
fluid is thereby limited to that small part of the subarachnoid space in the 
posterior cranial fossa and the spinal canal. It does not include any of 
the subarachnoid space over either cerebral hemisphere, which is by far the 
most important area for absorption. 

Cerebrospinal fluid is absorbed from the entire subarachnoid space. 
Adhesions obstructing the main stem of the subarachnoid space therefore 
limit the absorbing area to a fraction of the normal, and the diminished 
absorption results in accumulation of cerebrospinal fluid—hydrocephalus. 

We have spoken of adhesions almost exclusively as the cause of com- 
municating hydrocephalus. It is conceivable that certain tumors filling or 
compressing the cisternz may produce similar results. We have as yet no 
proof of this possibility. All of the cases observed by Dr. Blackfan and 
myself have had a meningitis, which has been both prenatal and postnatal. 
There is frequently a definite history of meningitis preceding the develop- 
ment of hydrocephalus, but this cannot always be obtained. 

Studies with the phenolsulphonephthalein test enabled us to predict ante 
mortem the pathologic findings. By the dye it was possible to measure the 
amount of absorption from any region by the quantitative excretion in the 
urine. It was found that normally practically no absorption occurs from 
the entire ventricular system (less than 1 per cent. in two hours). All the 
cerebrospinal fluid is absorbed from the subarachnoid space; 40 to 60 per 
cent. being excreted in a two-hour interval, which has been adopted as an 
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arbitrary standard of time. In a large series of cases of communicating 
hydrocephalus the absorption from the subarachnoid space was found almost 
invariably to be only 8 to 10 per cent., or about one-fifth of the normal. 

In view of the fact that experiments on animals have demonstrated that 
absorption of cerebrospinal fluid is from the entire subarachnoid space, 
the lowered absorption in communicating hydrocephalus must mean a reduc- 
tion in the extent of the absorbing area and at a fairly constant location. 
The localization of the adhesions blocking the cisterne or surrounding the 
mesencephalon harmonized the physiological and clinical tests and the 
pathological findings. The frequent history of an antecedent meningitis 
is additional confirmatory evidence, should such be necessary. The experi- 
mental production of this type of hydrocephalus by duplicating nature’s 
pathologic processes, leaves no doubt of the etiological and pathological 
basis of communicating hydrocephalus. This experimental proof will 
shortly appear, together with that of the other types of hydrocephalus. 

In operations upon the brain of cases of communicating hydrocephalus, 
one is impressed by the absence of fluid in the sulci. The sulci are practically 
obliterated, and only vascular lines separate the convolutions. If hydroce- 
phalus were.due to occlusion of such fanciful structures as stomata into 
the venous sinuses or the Pacchionian bodies, as has been proposed, one 
should expect distended subarachnoid spaces up to the points of obstruc- 
tion. The absence of extracerebral cerebrospinal fluid proves the non-exist- 
ence of any such mechanism, and indicates the lack of communication of the 
part of the subarachnoid space with the fluid-containing spaces; in other 
words, an obstruction must exist at some place nearer the origin of the 
cerebrospinal fluid. 

The Diagnosis of Hydrocephalus with Communication.—Clinically, the 
two types of internal hydrocephalus are identical. Neither by the history 
nor the physical examination can they be differentiated. Frequently, the 
communicating type can be diagnosed by the large quantity of cerebrospinal 
fluid which can be obtained by lumbar puncture, but there is such great 
variability in the amounts of fluid obtained in both types of hydrocephalus 
that the results are frequently of little value. The differentiation between 
the two types of hydrocephalus can be simply, harmlessly and absolutely 
made by the phenolsulphonephthalein test. 

One cubic centimetre of neutral phenolsulphonephthalein? is introduced 
into either lateral ventricle; a lumbar puncture is done one-half hour later. 
If communication exists, the dye will by that time have appeared in the spinal 
fluid. If an obstruction exists in the ventricular system, the spinal fluid 
will remain colorless. This test is the only way in which guess-work can 
be eliminated. 

Previous Treatment of Communicating Hydrocephalus.—Because of the 


* This solution has been specially prepared by Mr. H. A. B. Dunning, of Hynson, 
Westcott & Dunning. A serious reaction will follow the use of the ordinary phenol- 
sulphonephthalein solution used for kidney studies. 
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great number of operations suggested, tried, and found failures, their con- 
sideration individually would require too much space and yield little of 
practical value. With rare exceptions, no attempt has been made to differen- 
tiate the two types of hydrocephalus. The usual treatments have been 
directed toward a disposition of the fluid, (1) either by transferring the 
fluid to the exterior of the brain, to the scalp, the retroperitoneal space, the 
peritoneal cavity, or some other space; or (2) by making a communication 
with some part of the venous system, either directly or by a vascular trans- 
plant ; (3) in addition to periodically repeated lumbar and ventricular punc- 
ture, attempts have been made to establish a more or less continuous drain- 
age to the exterior, always, of course, with death from secondary infection. 
Other attempts have been made to reduce the formation of cerebrospinal 
fluid by ligating one or both carotid arteries, by injection of irritants into 
the ventricles, compression of the head, etc. 

All attempts to drain into body spaces are futile because the tissues wall 
off the fluid and soon cease to absorb it. Moreover, the openings into the 
spaces remain patent only temporarily. Puncture of the corpus callosum 
might at first sight appear to be an ideal procedure, but it is practically iden- 
tical with punctures elsewhere. Fluid side-tracked by an opening of the 
corpus callosum or of other parts of the brain does not pass into the suba- 
rachnoid space, but into the avascular subdural space, where absorption is 
little if any greater than in the ventricles or in the scalp. Moreover, the 
opening in the corpus callosum or elsewhere closes in the course of a few 
weeks. Fluid can reach the subarachnoid spaces over the brain only through 
the normally designated distributing channels—the cisterne. Permanent 
communication between the ventricles and the cisterne can be maintained 
only through the fourth ventricle and by means of the foramina of Luschka 
and Magendie, or, in their absence, by openings artificially produced in this 
region. 

The fate of vascular communications is similar. The opening into the 
veins, sinus or transplant functions but briefly. Such openings can hardly 
be expected to function properly, because they should handle in a few min- 
utes all the fluid which is produced in several hours, and would be function- 
less the remainder of the time. Normal absorption of cerebrospinal fluid 
takes place slowly, by a process of osmosis through membranes and not into 
prepared openings or stomata. 

Scientific Basis for Operative Treatment.—The logical treatment of any 
disease is the removal of the cause. In communicating hydrocephalus the 
treatment of the cause, that is, the removal or liberation of adhesions, is 
precluded by present surgical limitations. The area of adhesions is too 
extensive, too diffuse, and in a location inaccessible for operative interfer- 
ence. The ideal treatment would be restoration of the cisterne through 
these adhesions, and even if reconstruction were possible reformation of 
the adhesions must always remain a possibility. 

In view of these deterring factors, treatment of the cause must for the 
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present at least be deferred. From the results of experiments on animals 
a new and scientific form of treatment is suggested, by which it is hoped 
to circumvent the cause. This treatment aims to restore the balance between 
fluid production and fluid absorption by reducing the production of cere- 
brospinal fluid to a level where it can be absorbed. By experiments on ani- 
mals, the results of which will appear shortly, the following facts have been 
established : 

(1) If the foramen of Monro is occluded, a unilateral hydrocephalus 
results; 

(2) But if the entire choroid plexus of this ventricle is removed at the 
time the foramen of Monro is occluded, this ventricle will be obliterated ; 

(3) Therefore, cerebrospinal fluid forms from the choroid plexus, and 
not from the ependyma. 

(4) Following total occlusion of the aqueduct of Sylvius the develop- 
ment of hydrocephalus is greatly retarded by the extirpation of the choroid 
plexus of both lateral ventricles. In this experiment the cerebrospinal fluid, 
which is produced proximal to the obstruction, can be derived only from 
the choroid plexus of the third ventricle. 

The conclusion from these experiments is if all the choroid plexuses 
of the four ventricles could be removed, the formation of cerebrospinal 
fluid would cease and hydrocephalus could not result or if present its 
development would cease. To cure obstructive hydrocephalus by removal 
of the choroid plexus, it would be necessary to remove all of the choroid 
plexuses because there is no absorption in the ventricles; but in communi- 
cating hydrocephalus, there is about one-fifth of the normal absorption. 
It would not therefore be necessary to remove the entire amount of choroid 
plexus but to reduce its volume until the amount remaining would not pro- 
duce cerebrospinal fluid faster than it could be absorbed. In other words, 
it would be necessary to remove roughly four-fifths of the total amount 
of choroid plexus to reduce the fluid formation to the 8 to 10 per cent. 
absorption (one-fifth of the normal) which occurs in communicating 
hydrocephalus. 

It is not feasible to remove the choroid plexus from the third ventricle 
and very difficult to extirpate flocculi in the fourth ventricle. Roughly the 
choroid plexuses of the combined third and fourth ventricles is about one- 
fifth of the total amount in all the ventricles. The plexus is in the two lateral 
ventricles therefore comprise about four-fifths of the total. It is relatively 
easy to remove the choroid plexus from both lateral ventricles. A bilateral 
extirpation from the lateral ventricles should, therefore, according to our 
present conceptions, reduce the formation of cerebrospinal fluid to a point 
where it can be absorbed by the restricted patent area of the subarachnoid 
space. 

The problem, however, is not purely one of mathematics. Casually, one 
would expect that the removal of 75 per cent. of the productive structure 
would reduce the formation to meet absorption which is 20 to 25 per cent. 
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of the normal, but it should do even more, for in hydrocephalus fluid is 
formed at a greatly reduced rate because of the changed intracranial pres- 
sure from fluid accumulation. It has been demonstrated that the formation 
of cerebrospinal fluid is to a large extent at least mechanical. This can 
easily be demonstrated by inducing venous congestion by compression of 
the veins of the neck. We know that fluid forms at a greatly lessened rate 
in hydrocephalus due to the increased intracranial pressure, because if it 
formed at the normal rate (which we know) the head would grow at a 
tremendous speed. Although nature can modify the rate of fluid produc- 
tion she is unable to reduce its formation to the level at which it can 
be absorbed. The removal of the choroid plexus from both lateral ven- 
tricles should be more than is necessary, but it seems preferable to remove too 
much with no consequent danger, than to run the risk of an insufficient 
removal, in which event a progressive destruction of the brain will inevitably 
result. Hydrocephalus even when developing at the slowest rate causes a 
rapid atrophy of the brain. It is of course obvious that if more than the 
necessary amount of choroid plexus is removed, extra- and intravascular 
pressure differences will produce sufficient fluid to maintain the necessary 
amount of fluid to fill the ventricles. 

The Operation.*A—The steps in the removal of the choroid plexus are 
clearly shown in the accompanying drawings by Miss Norris. A _ small 
circular bone flap is made over the parietal eminence (Fig. 6). The wound 
is made well posterior to the Rolandic area and in a salient part of the 
eccipital lobe. After ligating numerous vessels on the cortex by circumvection, 
the cortex is bloodlessly incised and this incision carried into the ventricle. 
From the exposure which is over the junction of the body and descending 
horn of the lateral ventricle, the entire extent of the ventricle can be brought 
into view (Fig. 7). The opening in the brain is maintained by an open nasal 
dilator (Fig. 8), or when the ventricle is very large the brain wall must 
be elevated by a spatula which is inserted into the ventricle. It is necessary 
to remove all the cerebrospinal fluid in the ventricle to get a view of the choroid 
plexus; the brownish-red flocculent choroid plexus can then be easily fol- 
lowed from the foramen of Monro to the tip of the descending horn. 

The choroid plexus is picked up in forceps at the foramen of Monro 
(Fig. 8), and the vessels ligated by a silver clip. A pledget of moist cotton 
is inserted into the foramen of Monro to prevent blood gravitating into the 
third ventricle. The plexus is then transected and gently stripped backward 
from its narrow attachment to the floor of the body of the ventricle. When 
the glomus is reached the stripping from the body of the ventricle is stopped 
and the choroid plexus picked up at the tip of the descending horn (Fig. 9). 
This part of the choroid plexus is also stripped backward to the glomus; the 
remaining attachment of the glomus is then liberated and the entire choroid 

*I am greatly indebted to Professor Halsted for many suggestions in the develop- 


ment of this operative procedure, as well as in the experimental work upon which 
the operation is founded. 
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Fic. 3.—Same child as Fig. 1, eight months after the bilateral operation. The scar can be seen in 
back of the head. The head is still of normal size. The size of the fontanelles is much reduced. The child 
is apparently perfectly well. 


Fic. 4.—Case of advanced communicating hydrocephalus. Beyond thiis stage the patient seldom 
survives any operative procedure. This patient died three weeks following the removal of the choroid 
plexus of one lateral ventricle. 
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Fic. 6.—Shows location, shape and size of incision in scalp and bone for bilateral extirpation of choroid 
plexus of lateral ventricles. The solid line marks the skin incision, the dotted line the bone fap which is 
broken and reflected at the base. 
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Fic. 7.—Skin, bone and dura are reflected. The cerebral vessels are doubly ligated with fine silk by 
cireumvection. Between these two rows of sutures the cortex is incised with the scalpel and this incision 
carried through to the ventricle. 
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plexus removed in toto. Bleeding from the denuded area of velum inter- 
positum is slight and easily controlled by moist saline cotton pledgets. Special 
care must be taken to leave no bleeding points. 

The collapse of the brain following evacuation of the ventricular fluid 
causes a remarkable infolding of the cerebral walls, the extent depending 
of course upon the size of the ventricle and thickness of the cortex. In 
advanced cases a tremendous cavity results, which is filled before closure 
with salt solution to restore the collapsed cerebral wall as nearly as possible 
to its natural convexity. 

A remarkable exposure is obtained during the operation in the ventricle. 
One can see the third and opposite lateral ventricle and the septum lucidum 
which is frequently perforated in many places owing to pressure atrophy. 

The opening in the cortex is closed with a series of interrupted fine silk 
sutures which are held by the delicate pia arachnoid membrane. The dura 
and scalp are carefully closed also with silk, special care being taken to pre- 
vent any subsequent leak of cerebrospinal fluid. 

Result.—I have extirpated the choroid plexus in four cases of hydro- 
cephalus from Professor Halsted’s Clinic. All of these have survived the 
operation, although three died two to four weeks after the operation. One 
patient has survived a bilateral choroid plexectomy ten months, and shows 
no evidence that the disease is advancing. During and following the opera- 
tion the reaction seems to vary directly with the grade of the disease. If the 
ventricle is small the operation will be well tolerated even by a very young 
baby. When the ventricles are large and the cortex is greatly thinned and 
marked enlargement of the head has resulted, a very severe reaction occurs 
during the operation and the convalescence is very slow. In the highest 
grades of hydrocephalus death will follow almost immediately upon release 
of the fluid, or a very severe reaction will result at once and death will 
quickly follow. In the advanced cases we can hold out very little encourage- 
ment from operative procedures of any kind which will necessitate release of 
fluid and consequent collapse of the brain. There is, however, little object 
in attempting a cure of the disease in this advanced stage because the child 
would be left a hopeless imbecile. In the three cases of this series which 
subsequently died the hydrocephalus was of the extreme grade. In each 
of these there was an immediate operative collapse, beginning with pallor 
of the face and body, rapid feeble pulse which quickly becomes impercep- 
tible, cold clammy perspiration, rapid, shallow and irregular respirations— 
in other words, typical shock. These changes invariably begin with evacua- 
tion of ventricular fluid, and are undoubtedly due to differences of pres- 
sure which affect all the blood-vessels and directly or indirectly the centres 
in the medulla. Following escape of the fluid the thin brain walls collapse 
like a wet cloth. In addition to the differences in intra- and extravascular 
pressures, the mechanical kinking cf the large vascular trunks by angula- 
tion of the infolding brain must have a pronounced effect upon the cir- 
culation. 
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In each instance there was a gradual! recovery, and death came from two 
to four weeks later. In two cases death was no doubt due to gradually pro- 
gressive acute intracranial pressure which we now would be able to recog- 
nize and probably alleviate. In a third case the cause of death is still 
uncertain, though undoubtedly a result of the operation. The temperature 
rose to 108° four hours after operation; remained around 102° to 106° for 
two weeks. Though conscious, the ability to swallow was lost and not 
regained. At autopsy no cause for death could be observed. 

In the fourth case, which is still living and well and with no evidence of 
progress of the disease, no post-operative effects were observed, despite the 
fact that within three weeks of birth three operations were performed, one 
for the removal of a large myelomeningocele and two for the bilateral extir- 
pation of the choroid plexus. Feeding was uninterrupted; the temperature 
at no time rose over 100°, and the rising curve of body weight was not even 
temporarily affected. 

This case was kindly referred to me by Dr. J. Whitridge Williams, 
who made a most unusual diagnosis of hydrocephalus immediately fol- 
lowing the child’s delivery in his clinic. The head was not enlarged but 
the fontanelles were wider and a trifle fuller than normal (Fig. 1). The 
myelomeningocele also suggested the possibility of hydrocephalus. A 
ventriculogram* showed a well developed hydrocephalus with complete 
obliteration of the posterior horn of the lateral ventricle (Fig. 2). In no 
other way could this very early tentative diagnosis have been substantiated. 

Unfortunately in this case our diagnosis of communicating hydrocepha- 
lus has been to a large extent conjectural. The large myelomeningo- 
cele filling the lumbar region precluded successful lumbar puncture, so 
that we were unable to determine by the phenolsulphonephthalein test 
whether communication was present, or indirectly by quantitative absorp- 
tion whether the hydrocephalus was of the communicating type. 

The absorption of phenolsulphonephthalein following injection into 
the ventricle was 2 per cent., which is a little higher than in obstructive 
hydrocephalus and about what obtains in communicating hydrocephalus. 
This is not considered conclusive by any means, as the difference between 
the ventricular absorption in the two types of hydrocephalus is not great 
enough to be a decisive test. The meningocele is by no means evidence 
in favor of a communicating and against an obstructive hydrocephalus. 

Wherever possible both choroid plexuses should certainly be removed. 
This requires two operations, the length of time intervening depending 
upon the reaction following the firsj operation. Only one of our cases has 
had a bilateral extirpation. It is doubtful whether the removal of the 
choroid plexus of one ventricle would produce more than a retardation 
of the disease, which, of course, would be of no uftimate benefit. 


*Dandy, W. E.: Ventriculography Following the Injection of Air Into the Cerebral 
Ventricles. Ann. Sure., July, 1918. 
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Even though one case is apparently well ten months after a bilateral 
extirpation (Fig. 3), no conclusions are justifiable on the basis of a single 
case or in such a short period of time. The operation is presented without 
claims of cure, but because of its apparently sound scientific foundation it 
is hoped and expected that cures will result. 


CONCLUSIONS 


1. Any treatment of hydrocephalus must be based upon the etiology and 
pathology of this disease. 

2. Communicating hydrocephalus is caused by an obstruction in the 
subarachnoid space causing diminished absorption of cerebrospinal fluid. 

3. This obstruction is probably nearly always due to adhesions following 
meningitis. 

4. These adhesions close the cisterne through which all cerebrospinal 
fluid is distributed to the subarachnoid space over the cerebral hemispheres. 

5. Absorption is reduced to one-fourth or one-fifth of the normal, 
roughly corresponding to the volume of subarachnoid space which contains 
cerebrospinal fluid. 

6. It is at present impossible to reéstablish the cisterne by surgical means. 

7. By experiments it has been demonstrated that cerebrospinal fluid forms 
from the choroid plexus. 

8. An operation is presented for the cure of this type of hydrocephalus 
by removal of the choroid plexus of both lateral ventricles. This removes, 
roughly, four-fifths of the total amount of fluid-forming structures. It is 
hoped the cerebrospinal fluid which forms from the choroid plexus can be 
absorbed in the small amount of subarachnoid space which remains in the 
third and fourth ventricles. 

g. Choroid plexectomy is of value only in communicating hydrocephalus. 
Any treatment therefore presupposes an accurate diagnosis of the type 
of hydrocephalus. This is best made by the phenolsulphonephthalein test. 

10. The operation has been performed on four cases. One case is alive 
and apparently well ten months after the operation. 

11. Sufficient time has not elapsed to speculate on the practical results 
of the operation. 

12. The operation can be safely performed in moderately advanced cases 
of hydrocephalus. 
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RIB CARTILAGE TRANSPLANT FOR SADDLE-BACK NOSE* 
By Penn G. SKILLERN, Jr, M.D. 


Or PHILADELPHIA 


Case I.—Male, white, aged twenty, clerk, who fifteen years pre- 
vious to admission suffered fracture of the nasal bones. Examination 
reveals depressed bridge of nose (Fig. 1). The patient is blind in the 
left eye, due to lues. He received intensive arsenobenzol treatment. 

Operation was performed under local anesthesia (novocaine 4 per 
cent.). Incision made over seventh right costal cartilage close to ster- 
num; tissues retracted; section of cartilage, 2 inches long by %4 inch 
broad by % inch thick, removed and placed in normal saline; field 
sprayed with dichloramine-T ; hemostasis effected; wound closed with 
interrupted sutures of silkworm-gut; one piece of rubber dam placed in 
outer angle of wound for drainage; dry gauze dressing. 

Novocaine % per cent. subcutaneous infiltration made in midline of 
nose from glabella to tip. Vertical incision % inch long in mid-nasal 
furrow: tissues retracted; periosteum of frontal bone exposed. With 
Mayo curved dissecting scissors a subcutaneous tunnel was made from 
glabella to tip: scissors withdrawn, tunnel packed with dry gauze. 
Horizontal incision % inch in length made in periosteum of frontal bone. 
Cartilage transplant removed from saline solution, gutter made in deep 
surface. Transplant with perichondrium uppermost inserted into sub- 
cutaneous nose tunnel, after removing gauze packing from latter and 
mopping latter with dichloramine-T: upper flap of periosteum of 
frontal bone raised with blunt hook, upper end of transplant inserted 
beneath same. Incision closed with one suture of silkworm-gut. No 
dressing was applied (Fig. 2). 

Case, I].—Male, white, aged twenty-four, single, pugilist, who was 
admitted to Polyclinic Hospital (Case Record No. 324-9) on December 
11,1917. The patient as a pugilist had received numerous blows upon 
the nose, resulting several times in fracture. In consequence the bridge 
of the nose is depressed, this forming a variety of saddle nose (Fig. 3). 
The patient states that at one time after receiving an injury he blew 
his nose and the eyelids filled with air. Physical examination reveals 
a naturally broad nose, the bridge of which is depressed, so that the 
anterior nares face somewhat forward. The operation was essentially 
the same as in the previous case, except that a transversely curved in- 
cision was made between eyebrows and with convexity downward. The 
result is shown in Fig. 4, the patient’s friends agreeing that his nose had 
been considerably improved by the operation. 


_ According to the experiments of Dr. John Staige Davis, of Baltimore, 
cartilage transplants are practically never absorbed, while bone transplants 
unless accurately contacted with bone and periosteum lead a precarious 


* Presented before the Philadelphia Academy of Surgery, May 2, 1918. 
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Fic. 1.—Saddle nose before operation; note Fic. 2.—Nose after operation: note great 
short distance between eyelashes and surface increase in distance between « 
of bridge of nose. surface of bridge of nose 


Fic. 3.—Case II. Saddle nose before Fic. 4.—CaselIlI. Nose after opera 
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existence, and are ultimately more or less absorbed. Cartilage has the 
further advantages of being easily obtained and easily pared with a knife 
to the desired pattern, while by its elasticity the intervening portion between 
the ends, which are supported by the frontal bone above and the septal carti- 
lage below, takes up the slack in the skin, thus filling the latter to the required 
level and without undue tension; the graft itself is not subject to fracture 
in the event of a blow upon the nose, as would obtain were a bone graft 
employed. Regarding the use of dichloramine-T, the subcutaneous nose 
tunnel was first packed with gauze saturated with this substance, thus 
sterilizing the space and taking up whatever oozing there might be, 
just as when preparing a pocket in the scrotum for the reception of 
an undescended testicle. One silkworm-gut suture was used to close the 
wound, which was left exposed to the air. In the first patient there had 
been some transitory cedema over the forehead after operation, but in the 
second patient postoperative cedema did not take place. As regards the choice 
between the supranasal and the intranasal routes for insertion of the graft, 
the objection to the latter would be the danger of infection spreading to the 
graft field from the nasal cavity, especially bearing in mind the advice of 
the late Dr. John B. Murphy—namely, when preparing the pocket for re- 
ception of the graft to take great pains to avoid opening into the nasal 
cavity with the dissecting gynesic scissors, in order to avoid the ever pres- 
ent danger of infection from this source. 

The frontal bone is nourished and reproduced from the dura, the perios- 
teum covering it being devoid of osteogenetic properties: for this reason 
burial of the upper end of the graft beneath the periosteum of the frontal 
bone is not done with any expectation of getting nourishment or reproduction 
of bone from that source, but it is done with the idea of more firmly securing 
the graft in situ. Recent experiments show that cartilage when trans- 
planted establishes nutritional relationship with its host just as surely as 
bone does. 

In Figure 5 is shown a test devised by the author for determining the 
approximate size and shape of the graft to be inserted. With thumb and 
index finger applied to base of nose at its middle draw the skin forward: 
the skin over the bridge will now resume its normal conformation, and a space 
will be found between the skin and the bridge, representing the amount of 
height-loss of the bridge and therefore the thickness of the graft; the 
anterior nares will drop downward to their normal site. 
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ARTERIOMESENTERIC ILEUS OF DUODENOJEJUNAL FLEXURE 
By H. Fisuer, M.D. 


or ToLepo, On10 
SURGEON, ST. VINCENT'S HOSPITAL 


In looking over the literature of this subject, one is impressed with the 
confusion that exists as to its causation; the misnomers that are applied 
for this condition; and the various inefficient measures advocated for its 
relief. 

It is the purpose of this paper to present various facts and salient points 
that will aid in clarifying this subject and establish it as a true surgical 
entity with the proper method of treatment. 

Literature abounds with reports of cases with the title of gastro- 
mesenteric ileus, acute dilatation of stomach, acute gastroduodenal dilatation, 
giant duodenum, acute and chronic duodenal dilatation. All these are the 
effects of the condition named in the title of this paper and belong to and are 
a part of the symptom complex, and as such should be discarded, having 
no claim per se in the nomenclature of surgical entities. For convenience of 
elucidation, let us divide this subject into three distinct clinical types of 
obstruction: (1) Organic ileus; (2) acute arteriomesenteric ileus; (3) 
chronic arteriomesenteric ileus. 

Before proceeding with the etiology, the anatomical arrangement of this 
flexure should be considered. 

This first true flexure of the viscera is at the end of the fourth portion 
of the duodenum. The ascending portion passes from the right upward, 
over the fourth and third lumbar to the second lumbar vertebra, then con- 
tinues as the jejunum: the duodenojejunal flexure being situated at the left 
side of the body of second lumbar vertebra. The longitudinal musculature of 
the ascending portion is reinforced by a broad flat band arising close to the 
abdominal aorta from the crus of the diaphragm and known as the musculi 
suspensorius duodeni (muscle of Treitz) ; it serves to maintain the duodeno- 
jejunal flexure in position. 

Albrecht pointed out that this segment of the duodenum has under normal 
conditions, not a round contour but a distinctly flattened circumference. 
Codman presented casts of a number of duodenums showing definite evidence 
of compression. 

Etiology.—Braun, Seidel, and Kayser advocate the view “ that dilatation 
is primary in stomach; that duodenal dilatation, if present, is secondary and 
brought about by kinking at the mesentery. The latter is due to pressure 
of stomach on the mesenteric vessels and traction of the mesentery of the 
small intestines. The primary acute dilatation of the stomach is brought 
about by the action of some toxins on its nervous mechanisms.” 

Bloodgood reports in two cases “ that relief of tension on the mesentery 
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and jejunum, pressure on the duodenum and pushing up the dilated stomach 
did not relieve the obstruction nor allow the duodenal contents to flow into 
jejunum.” 

Moore reports two cases of gastromesenteric ileus. At autopsy the 
pressure of the stomach on the last portion of the duodenum was relieved 
by turning up the transverse colon over the chest wall. The jejunum re- 
mained collapsed and remained so even after moderate pressure had been made 
simultaneously on the anterior and posterior surfaces of the stomach. After 
the stretch of the root of the mesentery was relieved, stomach lying in position, 
the jejunum continued to remain collapsed, but when slight pressure was 
made upon the anterior surface of the stomach, the jejunum would fill 
rapidly. The contents of the jejunum were stripped into the duodenum and 
held there by traction on the root of the mesentery. When the stomach was 
put in place and the stretch of the mesentery relieved, the jejunum began to 
fill up, but would cease to fill when slight traction was made upon the 
mesentery. 

More of these cases are reported, but these are illustrative, and an analysis 
reveals dissimilarity in manipulative results and they are readily explained 
by a further study into causation. 

It is not the purpose of this paper to enter into the etiology of the first 
clinical type or organic ileus of duodenojejunal flexure. The factors that 
produce it and the pathology are self-evident. But what of the second clinical 
type, that group of cases where dilatation extends to the flexure, in which 
there is no evidence of pathological conditions to explain the obstruction other 
than the normal anatomical factors? 

Jordan describes a vivid fluoroscopic picture of a dilated duodenum, The 
duodenum was half as long again and more than double the width of a 
normal duodenum. For seven or eight minutes the duodenum was observed 
undergoing rigorous writhing contractions in a vain endeavor to force its 
contents through the kink at the duodenojejunal junction. After seven or 
eight minutes a very powerful contraction of the duodenum forced a large 
mass of bismuth emulsion through suddenly into the jejunum, and the bis- 
muth forthwith began to arrive rapidly through the coils of the small intestine. 

This case demonstrates the duodenal musculature had sufficient propulsive 
force to overcome the partial occlusion. 

There is a greatly altered physiological relation and increase of the secre- 
tions of stomach, liver, and duodenum, due directly to the effects of anzs- 
thesia, especially true in infective cases. The inhibiting influence of narcotics 
given to relax patient is a contributing factor in the production of gastro- 
duodenal stasis, dilatation with tension ensues and with tension regurgi- 
tation. The greater the dilatation the greater the tension, and the greater 
the tension the less propulsive force of duodenum and the greater the obstruc- 
tion at flexure. The duodenojejunal flexure ceases to be a normal physio- 
logical one and becomes an occlusion, produced by innervation of musculature 
with duodenal tension. 
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Different subjects have varying degrees of angulation of the flexure ; this 
angulation may assume a partial occlusion or be accentuated by certain 
contributing factors, as compression by mesentery or traction in visceroptosis. 
The severity of the occlusion then may be gauged by the degree of 2ngulation, 
or the duodenal tension, or the mesenteric compression, or the visceroptotic 
traction, acting singly or conjointly. 

Thus we may readily account for the controversial reports of cases that, 
lifting the root of the mesentery with the stomach and colon will allow the 
duodenal contents to pass into the jejunum; while in other cases, even pres- 
sure on duodenum with above manipulations fails to empty duodenum. 

This principle in physics is readily demonstrated by suspending a rubber 
tube in the fixed anatomic position as the duodenum and filling it with water. 
There will be distention of tube below the point corresponding to duodeno- 
jejunal flexure. The more the distention the greater the occlusion. The 
atonic duodenum, with its diminished propulsive power, is practically an inert 
tube, and with its increase in dilatation and consequent tension changes a 
normal physiological flexure into an occlusion. 

The duodenum has two other flexures which are not pathologically signifi- 
cant, except congenitally, and are not subject to acute angulation. The result 
is regurgitation of duodenal contents into stomach. Many of these cases 
recover under proper medical treatment and recovery is due to the rehabilita- 
tion of splanchnics and duodenal musculature. 

I am convinced that the foregoing is a true explanation of the causation 
of intestinal ileus at duodenojejunal flexure in the absence of any appreciable 
pathological state. 

Etiology of the Third Clinical Type.—In the consideration of the etiology 
of the third clinical type, Conner in discussing “ Dilated Duodenum”’ aptly 
says: “ The mechanical factors involved are still, it seems to me, very obscure. 
There can be no doubt that the obstruction by the root of the mesentery 
and by the superior mesenteric artery is a real one; but when one attempts 
to explain what the conditions are that bring about such an obstruction, there 
are many difficulties. Certain things are obviously necessary ; if the mesen- 
tery is to pinch the duodenum, it must be tight and there must be traction in a 
certain direction. Those conditions are fulfilled by the small intestine being 
in the true pelvis and being empty ; it cannot be in the true pelvis unless it is 
empty. Apparently the mesentery must be neither too short nor too long 
in order to constrict the duodenum.” 

Compression then by the root of the mesentery or traction, either singly 
or conjointly, are the main causes of occlusion. But the essential contributing 
factor is the anatomical feature of the flexure. The fixed duodenum, with 
its varying degrees of angulation, explains succinctly many of the hitherto 
obscure mechanical factors involved in the production of ileus at duodeno- 
jejunal flexure. 

Treatment.—M. Wilms, in discussing high intestinal obstruction, says: 
“ The time in which duodenojejunal obstruction causes death has only in the 
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rarest instances been prolonged. Death usually subvenes with extreme 
rapidity. All patients succumb to toxic absorption.” 

Turck has experimentally shown that in such atonic dilatation, “ Colloid 
material can penetrate unchanged into the walls of the intestine and can pass 
along the submucous tissue cephalad. Reaching the upper intestinal tract 
they are split up by the action of powerful enzymes in the wall and toxic effects 
are produced.” 

When the above condition subvenes in an occluded duodenum toxemia 
rapidly obtains with fatal results. To forestall this state and properly drain 
the duodenum is the indication of medical and surgical treatment. 

Murphy in writing of congenital occlusion of small intestines advocated : 
“When the occlusion is below the papilla a duodenojejunolateralis can 
readily be performed. The same operation is applicable in occlusion at the 
duodenojejunal flexure.” 

Bloodgood, reporting three cases of acute dilatation of stomach, says: 
“ Theoretically, also a second anastomosis between the duodenum and jeju- 
num would have to be performed to drain both the duodenum and stomach. 
Future experience may demonstrate in cases of this character a simple duo- 
denojejunostomy is indicated.” And further in same article: “If the dila- 
tation involves the duodenum I would advocate jejunostomy with passage of 
tube into duodenum or duodenojejunostomy.” 

Downes reports a case of giant duodenum in a child of four and a half 
years: “ Posterior gastroenterostomy was performed, reoperated one month 
later and finally recovered.” The author believes that duodenojejunostomy 
best meets the indications and should have been adopted in his own case. 

Maury, in a series of animal experiments to determine the cause of death 
in high intestinal obstruction, among other facts deduces this important 
practical observation: “ It was further determined that the effect of entero- 
anastomosis between the jejunum just distal to the gastro-enterostomy and 
the closed duodenal loop just aboral to the entrance of the bile-ducts gave a 
favorable result.” 

In other words, drainage of the obstructed loop is effectual in preventing 
lethal results. 

Treatment First Clinical Type——The treatment of the first clinical type 
is entirely surgical and the operative technic dependent upon the cause. 
Where possible, growths should be excised; strangulated hernia in duodeno- 
jejunal fossa should be relieved; effects of infective peritonitis corrected; 
enteroliths removed, etc. When not possible to remove cause and relieve the 
occlusion, the duodenum should be drained, either to prolong life or in expec- 
tation of permanent recovery, and duodenojejunostomy is indicated. The 
following case report of this clinical type is of interest: 


History of Case——Joseph R., American, age twenty-one years. 
Occupation, farmer. Family history negative. Personal history elicited 
nothing except stomach disturbances from childhood. Burning sensa- 
tion in epigastrium associated with exercise. Bananas only food product 
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that disagreed with him, producing indigestion with distention. Always 
a tendency to constipation and, when not relieved, vomiting associated 
with it. Never any gastric pain in early course of disease. A very 
significant and pathognomonic symptom developed last April. On 
assuming the upright position, after working in a stooping posture, he 
was taken with an epigastric pain radiating to back and right of abdo- 
men. Pain was continuous, more or less severe, and compelled him to 
cease work. Always more severe on regaining upright position. 

Condition Found at Operation.—Right rectus incision June 19, 1918, 
revealed a dilated duodenum. The duodenojejunal fossa was entirely 
obliterated by dilated duodenum and surrounding retractive jejunal 
peritonitis. The jejunum instead of passing to left and downward was 
retracted upward and to right, firmly adherent to abdominal vessels and 
completely flattened against spine. Its course then was downward and 
to the right. 

Operative Technic—The surgical consideration was to restore the 
bowel to its natural position. After careful dissection the bowel was 
freed from its attachments, the mesentery unrolled, allowing the bowel 
to pass to the left. The raw surfaces were closed over and a retaining 
suture was placed on the jejunum to prevent further rotation to the 
right. The patient was elevated in bed and was kept on left side for 
three days. Convalescence uninterrupted. Discharged from hospital 
two weeks later. The keynote of success in the operative technic was 
the careful dissection to relieve the double angulation and in the proper 
juxtaposition of peritoneum over vessels, thereby avoiding a future re- 
traction of bowel. Up to the present time he reports himself well. 

Treatment of Second Type.—The treatment of the second clinical 
type is either medical or surgical. It has been customary for many years 
in my surgical service to have lavage of stomach performed imme- 
diately following operation on all septic cases, and I am more convinced 
of its value as a prophylactic measure in preventing gastroduodenal 
innervation. If after thirty-six to forty-eight hours, despite medical 
treatment, the tension of the duodenum has not been relieved, epigastric 
pain, vomiting and gulping, coprostasis, and meteorismus continue 
with evident dilatation of stomach and duodenum, immediate surgical 
intervention is indicated. In urgent toxic cases, to drain the duodenum 
with the least possible disturbance is the surgical technic of choice. 
Under local anzsthesia a jejunostomy should be performed and rubber 
tubing passed through flexure into duodenum. Through this tube the 
duodenum should be constantly irrigated. In less toxic cases a duodeno- 
jejunostomy should be performed. 

Treatment of Third Clinical Type—For the same cogent reasons 
that have led me to advocate duodenojejunostomy, representing as it 
does anatomico-physiological, biological, and surgical principles, so 
also must I discountenance the medical treatment of this clinical type. 

The medical treatment advocated, is rest in bed over a long period 
of time; in assuming various postural positions to relieve epigastric 
distress, and with forced feeding in hope of a deposition of fat in 
mesentery to prevent its undue compression or traction. As I have 
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previously stated, this clinical type of cases is produced by three factors 
that influence the flexure, viz., anatomical features, compression and 
traction, compression by mesentery and traction of visceroptosis. The 
effects produced are identical in either factor, i.e., atony of duodenum 
with dilatation and varying degrees of toxemia. 

From the preceding, duodenojejunostomy is positively indicated. 
Slitting the mesentery is unsurgical; gastro-enterostomy has not one 
surgical principle to commend it and both should be discountenanced. 
Reports of favorable cases have been made of resection of one-half 
colon with ileocolostomy for the relief of occlusion at flexure. These 
cases are of the traction type of visceroptosis. Why such a formidable 
operation in these cases? Unless directly drained, time is an important 
element in the restoration of the atonic duodenum. In the interim, 
contributing factors may intervene and produce lethal effects of this 
“reservoir of toxicity.” 

The occlusion of duodenum in lordosis of lumbar spine is due to 
both compression and traction. A formidable resection is certainly 
contra-indicated here. A duodenojejunostomy is the operation of choice 
and if this operative procedure is tenable in such a case, why not more 
so in less grave cases? 

CONCLUSIONS 

1. Arteriomesenteric ileus at duodenojejunal flexure is a true surgical 
entity. 

2. That the anatomical features are predisposing factors to occlusion. 

3. That it has three clinical types: (1) Organic arteriomesenteric ileus ; 
(2) acute arteriomesenteric ileus; (3) chronic arteriomesenteric ileus. 

4. That each type has its specific causative factors: (a) Occlusion due 
to new-growths, infective peritonitis, strangulated hernia, cicatricial con- 
traction, enteroliths, etc. (b) Splanchnic innervation with duodenal tension 
and resulting loss of propulsive power. (c) Compression by mesentery and 
its vessels or traction from visceroptosis acting either separately or jointly. 

5. That surgical intervention is indicated and with the above noted excep- 
tions duodenojejunostomy is the operation of choice. 
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PRIMARY RETROGRADE INTUSSUSCEPTION OF THE 
SIGMOID ASSOCIATED WITH TUMOR 


By Donatp C. Batrour, M.D. 


or Rocnester, MINNESOTA 


WE have recently observed, in the Clinic, a most striking example of a 
retrograde intussusception occurring in association with a sigmoidal tumor. 

Power, who made such valuable contributions to the subject of intus- 
susception, states that about 5 per cent. are of the retrograde type. How- 
ever, it is quite obvious from such records as are available of these reverse 
types of intussusception that the case I present’ is unique for the reasons 
that the condition was primary and had not developed as a complication to 
an intussusception of the usual variety, that it was not a terminal event in 
peritonitis or obstructive vomiting, and, finally, that the method of its 
recurrence could be observed at operation. 


The patient (Case A203308), a male, aged forty-five years, pre- 
sented himself for examination November 17, 1917. He had been in 
good health (the appendix had been removed twelve years previously ) 
until October 1, 1917, when a diarrhoea began with from eight to ten 
watery stools a day, but without blood or mucus. The general physical 
examination was negative except for a slight abdominal tympany. The 
blood, stomach contents and urine, and the Wassermann test were 
negative, as were also repeated proctoscopic and stool examinations. 
The customary therapeutic measures were suggested, but on March 
4, 1918, the patient returned to the clinic reporting that the diarrhcea, 
still without blood or mucus, had persisted. He had been disturbed 
by considerable flatulence and borborygmus, and by occasional mod- 
erately severe abdominal cramps—the history of an intermittent 
obstruction. The general examination again was negative, but X-ray 
of the colon showed a filling defect high in the sigmoid, a finding which 
remained after antispasmodics had been administered. March 30, 
1918, the patient was sent to the hospital, and an exploration (W. J. 
Mayo) through a left rectus incision revealed a mass in the pelvic 
sigmoid. There was marked obstruction from the tumor, the sigmoid 
above the growth showing great distention and muscular hypertrophy. 
On further examination of the tumor (which through the bowel felt 
like a bunch of angle worms), it was discovered that a retrograde 
intussusception had occurred (Fig. 1), and that the tumor and the 
section of bowel involved had been intussuscepted upward about three 
inches. Within a minute or two after the reduction of the intussuscep- 
tion (Fig. 2), which could readily be done by traction, a strong reverse 
peristalsis was manifest, and the tumor was again drawn upward by 
powerful antiperistaltic contractions of the proximal sigmoid, these 


*Dr. V. C. Hunt has kindly assisted me in reviewing the literature of the subject. 
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RETROGRADE INTUSSUSCEPTION OF THE SIGMOID 


contractions extending upward for a distance of from twelve to four- 
teen inches above the site of the tumor. The process of invagination, 
begun in this manner, continued until the portion of the bowel con- 
taining the tumor was drawn upward and completely engulfed by the 
proximal segment (Fig. 3). Ten inches of the sigmoid, including the 
growth, were resected. An end-to-end colonic anastomosis was done, 
and the suture line was drawn through the omentum (C. H. Mayo 
method). There were no enlarged glands, and exploration of the liver 
and peritoneal cavity was otherwise negative. The tumor itself proved 
to be a pedunculated malignant papilloma 10 by 15 cm. (Fig. 2). The 
abdomen was closed without drainage, but two small rubber tissue 
drains were inserted down to the peritoneum, and a tube was stitched 
in the rectum. The convalescence was uneventful. 


The various theories as to the factors necessary to produce an ordinary 
intussusception may be applied in explaining retrograde intussusception in 
the colon. The first and most important fact is that, normally, muscular 
contractions in the large bowel are, at times, antiperistaltic. This is not true 
of the small intestine, consequently retrograde intussusception in the small 
bowel is almost always a terminal event, associated either with an ordinary 
intussusception or with the reverse peristalsis of obstruction. In the large 
bowel antiperistaltic waves have been demonstrated by Cannon, and he has 
shown that these waves may be and are produced by a tonus ring, although 
the conditions which establish the rings are not as yet determined. These 
antiperistaltic waves, which are the primary causative factor in retrograde 
intussusception in the colon, were, in our case, undoubtedly initiated by the 
tumor, the attachment of the base of the tumor causing a tonus ring just 
as such rings may be caused experimentally. Further, pedunculated tumors 
are the only variety in which an intussusception may occur; carcinomas, 
diverticulitis, and inflammatory tumors involve the intestinal wall to an 
extent sufficient to produce a rigidity which prevents invagination, and these 
tumors are not pedunculated. 

The rarity, therefore, with which tumor formation in the sigmoid is 
associated with intussusception is because of the rarity of the type of tumor 
essential to such an occurrence. Given the factor of irritation, abnormally 
strong peristaltic waves are produced both above and below the site of the 
tumor. In the case under discussion not only did the tumor act as a point 
of irritation, but the polypoid mass, which was the size of a large orange, 
lay free in the colon, and as the powerful contractions of the hypertrophied 
musculature of the colon gripped the tumor they exerted enough pull on the 
base of the tumor to begin an invagination and a true retrograde intussus- 
ception. This invagination was aided, of course, by other factors, the most 
important of which were the difference in caliber of the bowel above and 
below the point of partial obstruction occasioned by the growth, the spastic 
condition in the lower segment, and, finally, a sufficiently long mesentery to 
give free mobility. 
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A CONTRIBUTION TO THE STUDY OF MYOSITIS OSSIFICANS 


PROGRESSIVA 
By Juxius Rosenstiran, M.D. 
or SAN FRANCISCO 
BURGEON TO MT. ZION HOSPITAL 
(From Mt. Zion Hospital, San Francisco, Calif.) 
(CONTINUED FROM PAGE 520) 


AvUTHOR’S, CASE 


L. B., newsboy, born 1896 in Rumania; normal confinement. 
Family history negative; both parents alive and well but very ignorant, 
and the history (previous to his coming under our observation), having 
been extracted from them under great difficulties, is not as complete 
as I should wish. 

Two brothers (nine and twelve) and one sister (fifteen years) in 
good health. No T. B. or history of any other systemic disease in imme- 
diate family. Immediately after birth the midwife noticed a tumor 
in the right groin the size of a small egg. This tumor probably con- 
tained bony spicula; as the mother, who gave the details of the previous 
history, describes it as having felt to the touch as though filled with 
nails. His right leg was also shorter than the left. The attending 
physician advised a watchful waiting and to postpone surgical inter- 
ference for one year. 

At the end of that time the tumor had grown down the thigh to the 
leg, while the portion in the groin had grown to the size of a fist. 
He was operated on at the age of fourteen or fifteen months by a 
Rumanian surgeon who removed the tumor in the groin, leaving the 
remainder until the child had grown older and stronger. He stayed 
several months at the hospital. The parents, somewhat later, emi- 
grated to the United States and at the age of five years patient was 
placed in the New York Orthopedic Hospital for a second operation. 

An incision was made from the lower third of the thigh to middle 
of leg and a part of the tumor apparently successfully removed. 
The functional result was not improved, the leg remaining stiff, neither 
flexion nor extension being possible. 

After three years patient again entered a hospital and remained 
there another eight months. It is not clear what was done at that time; 
parents say that a tumor in the upper part of the leg was excised. 
No further operation was done until he presented himself in my surgical 
Out-patient Department of the Mount Zion Hospital, under the care of 
my then first assistant, Dr. A. Newman, now Professor of Proc- 
tology C. P. & S., in the latter part of 1908. He complained of pain 
in the left upper arm and over his right tibia below the knee. 

His status at that time was: A rather slender boy, good color. 

Head and neck nothing abnormal. Left arm shows bony ridge in 
and under deltoid muscle, extending from below deltoid process and 
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along anterior outer surface of humerus to insertion of deltoid tendon. 
Humerus thickened; patient cannot raise his arm on account of pain 
when attempt is made to bring deltoid into action. Both thumbs show 
very short and broad last phalanx. 

In the right groin a scar and another extending over inner part of 
right thigh, both from former operations. Exostotic growths spring 
from crest of right iliac bone and along the line of Poupart’s ligament. 
There are small isolated isles of bony masses on the abdomen in the 
right iliac region, extending into right obliquus and rectus abdominis 
half way up to the umbilicus. 

The entire adductores region of the right thigh, from their origin 
down to the lower third of the thigh, stonehard. The anterior part of 
thigh between lesser and greater trochanter also forms a bony mass; 
the femur is thickened; as the mass nears the knee it swings backward 
and entirely fills the popliteal space. Knee completely ankylotic. The 
mass then passes down along the inner side of the leg into the foot, 
running along the inner margin of the latter to the big toe. Microdac- 
tylia of both fourth toes. 

Priessnitz compresses were ordered, to be changed every four to 
six hours. The pain disappeared soon after they had been regularly 
applied. 

Entered hospital on August 31, 1909, with pain in left humerus and 
lower epiphysis of left ulna, and over right tibia below knee. Attack 
accompanied by fever. X-ray of left arm and hand shows thickening 
of upper two-thirds of humerus and periosteal thickening along lower 
part of ulna. In humerus just above epiphysis, oval wedge-shaped space 
giving impression of cavity. Tuberculin test negative. Under treat- 
ment with warm Burow compresses pain gradually disappeared but 
left thickening along ulna. Discharged October 2, 1909. 

He was not seen again until the latter part of September, 1910, 
when he came into the clinic complaining of severe pains in the left 
upper arm. It was, swollen, and painful to pressure and percussion 
all along the upper two-thirds of the humerus, and the skin appeared 
slightly ceedematous. The pain had begun about a month before, but his 
great fear of a possible operation had kept him away from us until 
the pain had grown too violent to bear. Rest, ice and diluted Burow 
solution compresses were first tried, upon the urgent request of the 
boy, but gave no relief, and on October 2, I made an incision over 
the anterior and outer aspect of the humerus through the fibres of the 
deltoid, from the shoulder downward along the upper two-thirds of 
the bone. In the region of the insertion of the deltoid tendon the 
bone was bared, and on finding considerable roughness, an opening 
was made into the medullary cavity. A small quantity of pus was 
found in the medullary cavity (two cultures taken), together 
with considerable granulation tissue. The upper two-thirds of the 
cavity of the shaft were opened and curetted clean, until normal tissue 
below and above was found. The cavity was dried with the Hollander 
hot-air instrument and an equal part mixture of carbolic acid and tinc- 
ture of iodine applied over entire exposed surface, after all bleeding 
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had been stopped. A paste of plaster of Paris, composed of sterilized 
plaster in 1 to 500 cyanide of mercury solution to fill the entire cavity 
is put in and allowed to harden. Periosteum and muscle are united 
with interrupted catgut, and skin with continuous silk sutures. Un- 
eventful recovery. (Culture staphylococcus; no T. B.) 

In the latter part of April, 1911, the patient came to us again com- 
plaining of considerable pain in the right iliac region during loco- 
motion but not while at rest. Examination shows lower 5 cm. of right 
rectus muscle ossified. Mass very hard, a sharp-edged piece of bone 
raising skin tight. 

May 13th: Incision 5 cm. long parallel to Poupart’s ligament and 
about 1% cm. internal from it near insertion of right rectus muscle. 
Muscle here completely ossified and a spur 2% cm. long and 1% cm. 
thick protruded down into the tendinous part, but entirely free from 
os pubis. It was removed, edges of muscle smoothed and wound 
closed. Discharged May 23, 1911. 

A small piece from the lower edge put in trichloracetic acid for 
decalcification and microscopical examination. 

On August 15th, 1911, returned to hospital. A large spur had 
formed, extending from the right anterior iliac spine to the edge of the 
obliquus externus of that side about 5 cm. long and 3 cm. wide, caus- 
ing considerable pain. Incision over spur; blunt separation of adherent 
muscle and chiselling off of spur from anterior iliac spine. The rough 
bone edges smoothed off and hemostasis with hot saline solution. 
Fascia united with chromic catgut; skin subcuticular. Uneventful 
healing ; discharged August 30, I9QII. 

Returned in September, 1912, complaining about two closely neigh- 
boring ventral herniz in the right iliac region where previously osseous 
plates had formed and which had been extirpated. The muscular 
fibres had atrophied and the ventral hernia developed. An attempt 
was made to bisect longitudinally a piece of the sound upper part of 
the right rectus abdominis muscle into an anterior and posterior half, 
and having tied off and resected the peritoneal sacs, turn the anterior 
flap down over the hernial apertures and fasten it to the lower tendin- 
ous part. The result was not very successful; part of the muscle- 
flap sloughed and the defect in the abdominal wall was only slightly 
improved. 

About three weeks after operation the patient’s face and both arms 
became cedematous and a marked hematuria appeared. The face 
and arms resumed their natural condition after two days, but the 
hematuria remained for several weeks. It finally cleared up without 
leaving any trace, nor has it ever returned since. (Late ether neph- 
ritis ?) 

A cystoscopic examination was stubbornly refused by the patient. 
Urine contained at first some granulated casts together with blood. 
After a few days casts disappeared. No pain or dysuria. 

We did not see him again until May 26, 1914. As the status 
since then has remained about the same, I will give the one taken at 
that date. 
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Status.—Good complexion ; red cheeks ; looks like a boy ot 15 years. 
Is underfed; weighs 113 pounds; rather infantile habitus; voice harsh 
and deep. 

Head well-shaped and covered with an abundance of black hair. 
Face smooth, no sign of beard. Eyes clear, pupils equal, dilated, 
react to light and accommodation. Mouth: Mucosa normal, tongue 
clear; teeth carious, gums show signs of pyorrhcea alveolaris. 

Pharynx inflamed, tonsils normal. Neck long, slender; no general 
glandular enlargement; thyroid gland not palpable; no visible pul- 
sating blood-vessels. 

Chest: Sternum in depressed groove, insertion of ribs on both 
sides forming convex arches to body and ensiform cartilage (ratite 
or ecarinate chest); entirely free from hair, which is also absent 
in the axilla. Excursion on normal respiration is not marked. Breath- 
ing is mostly abdominal. On deep breathing, however, thoracic move- 
ments are extensive. Expansion is about 5 cm. Mobility on both 
sides equal. 

Palpation: No muscular resistance; T. F. somewhat exaggerated 
on right side. Percussion and auscultation normal, slight broncho- 
vesicular breathing below second and third interspaces. Slight lateral 
curvature. 

The left arm shows a scar from the acromial process to the 
middle of the humerus, on its anterior and outer surface. The bone 
is thickened and rough and of irregular shape up to its middle, where 
it again assumes its normal size and contour. The change in form 
of the upper part consists of a nodulated groove 3 mm. deep on its 
anterior and outer surface. In the right iliac fossa, beginning 
about 3 cm. below level of anterior superior iliac spine, free osseous 
plates can be felt in the rectus and external oblique muscles. The 
skin is freely movable over them, but they are firmly imbedded in the 
muscle. Hardly any hair in pubic region. 

From the right horizontal branch of the pubic bone an ‘exostosis 
starts upward in the substance of the obliquus muscle for about 5 cm. 

Its base is firmly attached to the os pubis; it is about one-half a 
ctm. wide and grows gradually wider toward the tip, where it is 2% 
ctm. Near the tip a free osseous plate, at the edge of the right rectus, 
is movable and moves with respiration. This plate is about the size of a 
large melon seed. There are two smaller exostoses, one on each side of 
the large one, firmly connected with the pubic bone; the outer one, 
extending down to the large ossification of the thigh, connected with 
the femur; the inner one, near the symphysis, nearly joining the loose 
plate in the rectus above it. This exostosis is about 3 cm. by 1% cm. 

Between the outer and middle, also between the middle and inner 
exostosis, the muscle and skin are atrophied in two places and a ven- 
tral hernia protrudes through each of them, giving a marked vis- 
ible and palpable impetus upon coughing. 

The right thigh is ankylotic in hip joint and is flexed at an angle of 
about 35° and adducted. The knee is also ankylosed and in flexion at 
angle of about 25°. 
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The right leg shows ossification of the entire adductor and ham- 
string muscular groups; extensors and abductors not so well dey eloped 
as on opposite side. 

Circumference of middle of thigh—right, 30 cm.; left, 47.5 cm. 
Circumference just above patella—right, 28 cm.; left, 32.5 cm. 

Nearly the entire mass of the inner and posterior muscles of the 
right leg is ossified; except the extensors, the peronei, the tibialis 
anticus, and the lower part of the soleus. 

Circumference of calf—right, 24.5 cm.; left, 31.5 cm. Length of 
leg—right, 67 cm.; left, 80 cm. 

Flexion of right foot is very limited, but movements of tendon 
Achilles are felt very distinctly. The foot is in adduction and its 
inner two-thirds ossified up to middle of metatarsal bones. The fourth 
toe of each foot is small and bent across third toe. 

Patient complains of pain in the right lumbar and inguinal regions, 
particularly severe when standing erect. This pain commenced in a 
slight degree about eight months ago and gradually increased in 
intensity and duration, becoming lately so severe that patient was com- 
pelled to give up his work and apply to the hospital. 

Examination: Shows small spur of bone in the right inguinal 
region about the middle of Poupart’s ligament, about 1% centi- 
metres long and pointing towards horizontal branch of the pubic 
bone. Another sharp spur is on inner side of the femur, to the inside 
of crural canal. 

Operation (May 28, 1914).—Incision over both spurs; the one in 
the abdomen can be easily removed by excision. Attenuated muscle 
and fascia are sewn together with catgut and skin with Michel clamps. 
The spur on the inside of the femur lies directly under the skin, and 
after incision it is removed with chisel; after hemorrhage has been 
stopped the skin is united with Michel clamps. Both wounds healed 
by first intention. Patient dismissed June 8th. 

Returned to hospital October 25, 1915. Patient has been perfectly 
well ever since leaving hospital. About ten days ago he began to 
have pain over posterior surface of arm just above the wrist. This 
is a sharp sticking pain which comes on on movement of wrist or con- 
traction of muscle of forearm. Greatest pain is when he flexes the 
wrist. Appetite good, bowels regular. 

Examination reveals small highly sensitive exostosis, about the size 
of a small melon seed, over lower end of radius on dorsal surface; small 
hard nodule in skin above extensor tendon two inches above the wrist. 
Nodule is freely movable with skin and sensitive. Similar nodule over 
middle of left calf; underlying muscles and entire posterior part of left 
leg free from any other ossifications. 

Heart and lungs normal. 

A coagulation test of patient’s blood was made, found normal; 
time 5 minutes. 

Operation October 27.—For removal of exostosis on posterior sur- 
face of radius two inches above wrist joint. Esmarch’s bandage 
applied to hand and arm, up beyond elbow. Local anesthesia with novo- 
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caine. A longitudinal incision was made through skin, and subcu- 
taneous fascia tendons of extensor muscles separated, deep fascia 
and periosteum incised and the latter levered from bone with elevator 
and pulled aside. The bared exostosis was then removed with bone 
forceps and base smoothed off with chisel. The small nodule with 
a small oval of surrounding skin was then removed under local 
anesthesia for microscopical examination, also that on left calf. 
Wound over wrist closed in two layers, deeper layer with interrupted 
catgut sutures; all skin wounds closed with Michel clamps. Dis- 
missed October 31, 1915, after uneventful recovery. 

Returned to hospital February 7, 1916. Complained of severe pain 
in right knee. Pain worse at night. 

P. I—About two weeks ago patient had a swelling on the medial 
side of the right’ great toe, which was very sore. At the same time 
the right knee on the lateral side became sore and a little swollen. 
The sore on toe did not break open but dried up and left a brownish 
scar. The knee continued to pain and kept the patient awake at night. 

Examination shows swelling at outer part of right knee, occupy- 
ing entire lateral surface and extending about 1 centimetre to the 
under surface into the popliteal region. Patient was confined to bed 
and a wet dressing applied to the knee. 

February 13th: Pain in knee is less. Temperature varies from 
37-2 to 38.4. Blood count: Leucocytes, 18,000; polys, 82 per cent. 
Patient refuses incision. 

February 15. Cast applied to knee. 

February 17: Pain worse. Cast removed and compress of Burow’s 
solution applied. 

February 18: Pain worse; temperature 37.9 to 38.4. W. B. C., 
25,000; polys, 83 per cent. 

February 19: Ice bag applied to knee. 

February 20: Temperature rose to 39.9. Hot-water bag instead 
of ice bag. Pain somewhat relieved. 

February 21: Patient taken to surgery. Two red inflamed areas 
were seen on the lateral aspect of the right knee. These were fluctu- 
ating and soft. Under local anesthesia the fluctuating areas were 
opened by incisions and a rubber tube inserted. A considerable quan- 
tity of yellow pus escaped. ' 

February 22: Complains of pain on the inside of the knee. High- 
est temperature, 38.7. Similar nodules and swelling on inside of knee 
and indistinct fluctuation. 

February 23: Abscess on inside of knee opened and drainage tube 
inserted. Highest temperature, 37.9. 

February 24: Feeling much better ; slept well; highest temperature, 
37-3. 

March 10, 1916: Two very small spicule of bone directly in 
skin; one on the right arm near insertion of deltoid muscle in outer 
groove, the other in popliteal fossa of right leg. These were extirpated, 
together with the skin containing them, for microscopical examination. 
Wounds sutured with silkworm gut. 


596 


. 
| 
‘ 
| 
| 
| 


MYOSITIS OSSIFICANS PROGRESSIVA 


March15: Sutures removed from arm incision; union per primam. 

March 16: Patient removed bandage from arm during night; - 
wound broke open but quite clean. Edges approximated with adhesive. 

March 17: Sutures removed from leg incision. 

March 20: Hand and arm healing rapidly. Wound in leg clean 
and healing. 

Discharged to come to clinic for treatment. 

Small spurs of bone in the abdominal wall projecting with their 
sharp edges into the skin and giving considerable pain were removed 
on January 15, April 6, July 30 and December 30, 1917. The muscles 
and fasciz in the places ossified by these pieces of bone have entirely 
disappeared and the lower surface of the bone is adherent to the 
peritoneum. 


X-RAY Finptncs. March, 1918—Hands: Both thumbs and second and third 
fingers show a diminutive last phalanx. 

Abdomen, Pelvis and Right Thigh: The right side of the abdominal wall 
from the level of the crista ilii downward shows ossification in the muscular 
strata partly free, partly connecting with the pelvic bones. There is a scoliosis to 
the right in the lumbar vertebre (compensatory). The pelvis is tilted from right 
to left. The right crista ossis ilii stands about 3 cm. higher than the left. The 
part of the os ilii forming the upper and posterior border of the acetabulum is 
much broadened and the entire frontal part of the right pelvis is obscured as 
through a thick veil by the ossification of the overlying soft parts so that the 
right foramen obturatorium seems obliterated in the picture. The neck of the 
femur stands in an angle of 160° to the shaft and the head is synostotically fixed 
in the acetabulum. The large trochanter is imperfectly developed, the smaller one 
relatively better. The shaft of the bone is less than one-half the thickness of the 
left femur. The entire anterior space ordinarily occupied by the adductor muscles 
is here changed to a solid mass of bone, which goes down to slightly above 
the internal condyle, where it merges with the contours of the femur and tibia 
in the formation of the completely synostosed knee-joint. The atrophic patella 
and its ossified ligament occupy their normal positions from the femoral attach- 
ment to the insertion at the tuberosity below the much-enlarged head of the tibia. 

Right Leg: The outlines of the enlarged tibia can be traced in the picture. 
The soft parts in the popliteal fossa and all along the posterior part of the leg 
are nearly entirely ossified. The anterior part and the interosseous space are 
fairly free. The fibula is comparatively slender. 

Right Foot: The foot shows an almost complete synostotic conglomerated 
mass of the ankle bones and calcaneus, together with the ossified muscles and 
tendons of the dorsum and part of the planta. There is a faint outline of the 
cuneiform bones at the base of the metatarsals and in the lateral view a similar 
one between the astragalus, the scaphoid and the first cuneiform. The metatarsal 
have retained their separate condition with their part of the interosseous muscles 
between them. The first metatarsal bone is very much enlarged in circumference 
through the ossification of its surrounding tissue; the fourth toe is microdactylic 
through a small metatarsal. 


The left hip-joint shows a condition resembling coxa vara. 
The left foot shows a partial synostosis of the metatarsal and cuboid bones 
and the same condition as of the fourth metatarsal as the right. 


Microscopic Hrstotocy.—Decalcification in trichloracetic acid, stain haematoxylin, 
eosin and Van Gieson. The topographic relations of the various formations of the 
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ossifying process to the epidermis are illustrated in Fig. 9, and present the extreme 
distance of the bone formation from the epidermis in any of my sections. To save 
space and expense, this relation is shown only where essential in the subsequent pictures. 

Embedded in the distended and torn meshes of the corium are variously sized 
nests filled with red blood-corpuscles. Throughout these hemorrhagic masses a few 
more or less slender tendrils of the torn connecting tissues are remaining. The 
smaller of these masses show no appreciable changes discernible in the surrounding 
tissue. In the largest one sees greater tissue destruction within the hemorrhagic 
deposit and a slightly denser (pressure) approximation of a few connective-tissue 
fibres along the border encircling the hemorrhage. 

There are few connective-tissue fibres within the blood extravasation, they are 
not so close together, the interstices between them larger, and around the margin 
of the hemorrhagic depots a circlet of the distended connective-tissue fibres. These 
fibres are the first indication of the local boundaries in the later ossification. 

In these and in many of the later-stage sections a zone of badly stained or 
totally unstained tissue is observed surrounding the forming ossifications. I claim these 
to be areas of more or less impaired tissue nutrition caused from pressure of the 
initial hemorrhage. 

In more advanced fields with large hemorrhagic central areas one observes a 
marked hyperplasia of the immediately surrounding connective tissue. There is a 
distinct oval shape of the border, forming a growing ring of densely crowded fibres 
and issuing a communicating network of branch lines throughout the hemorrhagic 
masses, dividing them into alveolar-shaped compartments. Sometimes these branches 
do not form and we encounter then in the later stages fully enclosed ossified rings 
enclosing homogeneous hemorrhagic centers. The progress of osteogenesis is from 
within outward, the region adjoining the erythrocytes representing the youngest 
stage. The erythrocytes apparently change into or stimulate the growth of fibro- 
blasts. These cells are forming bone (layers) by apposition, the youngest toward the 
centre, the older outer ones gradually changing into osseous structure. 

In a still more advanced stage, at a period preceding and during the beginning 
and progression of calcification, the outer encircling ring loses gradually its fibrous 
structure and becomes a lamellated homogeneous structure, with regular bone 
corpuscles and canals, or reaches this final osseous stage through an intermediate 
change from the fibrous to the cartilaginous tissue, in many instances during this 
metamorphosis the osseous border encloses firmly, and in many parts meets, without 
any intervening tissue or interior branches, the imprisoned mass of red _ blood- 
corpuscles. 

This direct chain of transformation, however, is not the only one. In some parts 
we meet a single row of osteoblasts located nearly exclusively along the inner 
borders of the bone ring or situated in shallow lacune and contributing their share 
to the bone-formation in the outer ring and along the inner branches. They are 
very large mononuclear cells, the origin of which remained uncertain, perhaps con- 
joined transformed fibroblasts, as their gradual structural changes can apparently 
be followed in successive stages. The cartilaginous route finds its representatives 
at other places where a condensed connective-tissue mass around a primary hemorrhage 
changes, with the aid of the enclosed extravasation, from its fibrous condition to a 
homogeneous undifferentiated hyaline basal structure, with large cartilage cells of 
principally monocellular type imbedded therein. There the younger inner portion of 
the ring still shows cartilaginous tissue, while at the same location the adjoining 
outer part is changing into osseous structure. 

This ossifying ring has in many instances an inside lining of single or multiple 
rows of fibroblasts. These fibroblasts crowd together and lose their identity in 
joining to build up the homogeneous mass. One sees in places an apparently gradual 
change of erythrocytes into fibroblasts, the precursors of the bone-tissue, small, 
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spindle-shaped nucleated cells, the youngest not larger than the red blood-corpuscl 
They are lying at the inside of the ring between it and the central mass of unchanged 
erythrocytes, some, as possible witnesses of their new osteogenetic functions, still 
recognizable near the growing outer ring of bone tissue. At places there are finger- 
or fungus-shaped protuberances forming various sized and shaped projections from 
the outer ring into the hemorrhagic mass. At its inner irregular, ragged edge, blood- 
corpuscles and fibroblasts are fairly mixed in their genetic endeavor to serve as the 
building material for the new bone. Osteoblasts also take their part in the neoforma- 
tion, but, as mentioned before, are nearly exclusively distributed at the inner side 
of the surrounding bone ring. 

Other fibroblasts by crowding closely together form the ground substance in 
places within the central hemorrhagic mass for the new-bone islets and branches. 
Some of these are still interspersed with cartilage-like cells, which later, during the 
process of calcification, give way to the bone corpuscles and their ramifications. 

New islets appear in many spots of the central mass. They grow and became 
confluent, and an intertwining network of new bone structure is formed extending 
from the inner side of the surrounding ring throughout the inner space. The fibro- 
blasts leading the way for all this new structure extend cobweb-like bands develop- 
ing into progressive stages of ossifying tissue, new-formed capillaries fill every 
interstice, and, as a resultant from united efforts, they gradually present the picture 
of bone and bone-marrow. In another stage the calcified connective-tissue ring 
around the blood extravasation has consolidated from the inside of the ring outward; 
the cells have lost their individuality; have formed one solid striated mass with the 


interspersed bone-cells; calcification and ossification have changed the fibroblasts into 
an elliptic more or less closed ring of bone tissue surrounding the remaining erythrocytes, 
which show various stages of apparent transformation. They are more or less closely 
connected with the inner surface of the bony ring, separated in some places from it 
by a very slender single layer of spindle-shaped cells ; in others, touching it directly. 

In these latter places the bone is still in the making, and so closely are the 
erythrocytes interwoven with the youngest spindle-shaped fibroblasts entering into 
the new bone-formation, that, contrary to all genetic doctrines, one could imagine 
the direct transformation of blood-cells into these bone-forming cells, which, in 
changing from the round- to the spindle-shaped form, become nucleated, growing 
gradually and less separable form in intermediate stages the ground substance, and, 
with the appearance of the bone corpuscles, the connecting link between the blood- 
cells and the finished bone tissue. At other places the above-described cartilaginous 
route is seen where the inside younger parts of the ring show cartilage tissue, while 
the adjoining outer ones have already changed to bone substance. 

The fate of the central blood extravasation is a varied one. Simultaneously with 
the apparent participation of the blood-~<ells in the construction of the bone ring 
there is an energetic growth of interlacing branches extending from the inner side 
of the ring, forming a network of slender bands throughout the enclosed space. These 
branches are at first composed of one layer of spindle-shaped fibroblasts, suggesting 
their origin from transformed erythrocytes, and inclose in the meshes of the net a 
proportionate quantity of blood-cells from the original extravasate. Layer after 
layer is added to the first thickness of the branches, the structure of which with 
increasing volume, like the outer ring, becomes denser and undergoes the change into 
bone, forming a progressively continuous network of its own, which still encloses the 
remnants of the more or less changed erythrocytes. In other places of the sections, 
occasionally near initial hemorrhages (Fig. 40), some minute specimens of bone are 
seen, which are solid throughout and the ossification of which has apparently pro- 
ceeded in adding fibro-osteogenetic layers, filling in the space within the outer border 
line with a finally solid tissue, thus eliminating the trabecular crosswork, but showing 
even at these stages in some places the enclosed remnants of the pioneer blood-extrava- 
sate, fibroblasts, or less changed erythrocytes, 
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This apposition from within, however, is not the only means of osseous growth. 
In a few places there also is a small aggregation of fibroblasts at the outside of the 
ossifying ring adding to its growth, but no ostecblasts appeared anywhere on the 
outside, showing that their location seems strictly limited to the inner aggregation 
of erythrocytes. In some sections a hypertrophic growth of outer connective tissue, 
participating in the ossifying process, may be seen to enter through a gap in the 
branches of the partly open osseous ring and closing it first with a connective-tissue 
bridge, which later ossifies, having previously sent a continuation of the ingrowing 
tissue from the gap toward the inner side of the ring. In others there is a predominant 
erythrocyte participation in the bone-formation of the ring. 

We may even in some isolated instances get pictures that suggest a prevailing 
bone-formation from the outer side of the ring, the connective tissue changing 
directly to bone-tissue by calcification and development of bone-corpuscles and canals. 

In these cases the inner erythrocytes play a minor part in the final ossification; 
the major part is taken by the connective tissue direct. 

The structural changes of the hemorrhagic nucleus do not always keep pace 
with the development of the bony ring in all parts of an ossified nodule nor in 
every specimen of a series, and allowances have to be made for more or less of 
the erythrocyte-filling dropping out during the course of preparation, especially 
from paraffin sections. Thus we see pictures where a completely unbroken osseous wall 
closely surrounds a structurally, nearly unchanged, inner hemorrhagic mass. In 
others a more active participation of the connective-tissue growth in osteogenetic 
activity and a rather regressive metamorphosis of the enclosed hemorrhagic centre 
part. 

In all these various formations the primary incentive is the hemorrhage with 
a consecutive connective-tissue growth, and whether the final result is a spongeoid 
or a solid bone, the route to it directly from the erythrocytes into ossifying fibroblasts 
or from those via fibrous connective tissue, hyaline or fibrous cartilage, with or without 
the help of osteoblasts, we have always to look back to the first hemorrhage as the 


starting point. 
ANALYTICAL Stupy oF REporTED CASES 


Before we proceed to analyze these 120 cases, we must explain that five 
of the number (four male and one female) were only entered in the list 
on account of their having figured in all the former compilations, and might 
be classified as “ overlooked ” by later investigators. They are the cases of 
E. Schwarz (No. 35), Kronecker (No. 36), E. Lexer (No. 50), Eichhorst 
(No. 53), and Krause and Trappe (No. 86). Neither of these is myositis 
ossificans progressiva, and they must be deducted from the total combined 
number (120-5-115). Four of these are males, one a female, so we have 
among 115 true cases 68 males, 42 females and 5 where the sex has not been 
recorded—a somewhat different proportion from former statistics. (Rol- 
leston, 5 to 1; Nissim and Weill, 38 to 12.) 

Their ages at the time when the first symptoms were observed were in 
the period before Muenchmeyer’s classification (1868) : 

Males—o-5, 2; 5-10, O; 10-15, 3; 17, 1; 18, 2; 21, 1. Females—8, 2; 
5, 1; not recorded, 8. Not myos. prog., 5. 

After Muenchmeyer’s: Males—o-2, 19; 2-5, 23; 5-10, 7; 13, 2; 14, I; 
18, 1; 19, 1; ?, 1. Females—o-2, 10; 2-5, 17; 5-10, 10; 12, 1; 20, 1. Sex 
and history unknown, I. 
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_ Fic. 10.—The initial hemorrhage. A, low power (oc. II, obj. 16). a, hemorrhage (earliest stage) ; 
6, invasion of Surrounding area. B, low power (oc. II, obj. a*). a, hemorrhage; b, epidermis. C, higher 
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Fic. 15—A. a, beginning of ring formation; b,/erythrocytes;c, change of form of erythrocytes to spindle 
shape. B. Ring formation nearly completed. a, newly formed ring; b, erythrocytes; c, slight projections 
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Fic. 16.—Solidification of outer connective-tissue ring, hemorrhagic centre 1, a, hemorrhage lidified 
osseous ring (oc. II, obj. 16). 3B, a, hemorrhage; 6, solidified osseous ring (oc. II 8 


Fic. 17.—A. Solid hemorrhagic mass in close apposition to ring in advanced stage of ossification (enlarged 
gt of Fig. 17). a, bone ring; 6, mass of erythrocytes; c, change of form of erythrocytes to spindle shape. 
nlargement from part of Fig. 16. B. Solid hemorrhagic mass in close apposition to ring in advay anced stage 
of ossification (enlarged part of similar section as Fig. 16). a, bone ring; 6, mass of erythrocytes; c, change 
of form of erythrocytes to spindle shape. 
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Fic. 19.—A. Osteoblasts on both sides of ossifying branches. a, outer ring; b, osteoblasts (oc. —,obj.—. 
Osteoblasts on inside of ossifying ring and erythrocytes participation. B. a, osteoblasts inside ring; ), 
erythrocytes participation and apparent change (oc. II, obj. 8). C. a, osteoblasts inside ring; b, erythrocyte 
participation and apparent change; c, osteoblasts at branches. 
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A glace at these two groups shows the first observations of the initial 
symptoms at a remarkably earlier average in the second group than in the 
first. Although the number of the first is too small for a valid comparison, 
still the influence of Muenchmeyer’s publication in drawing the attention of 
the profession to this mysterious disease cannot be ignored. 

Since Helferich’s enlistment of the congenital digital deformities among 
the symptoms of this affection their registration has not been followed by 
all authors. We believe that they are present in practically all genuine cases, 
and consequently of the ninety-three cases of this series the thirty-one where 
they have not been registered demand an explanation. In the first place, we 
have to deduct the five spurious cases already mentioned, and one of the 
other remaining (Bernacchi, No. 42) shows plainly on the accompanying 
photograph microdactylia of the thumbs. All of the other twenty-five who 
answered my inquiries (six) as to the presence or absence of these congenital 
deformities in their cases admitted that they had failed to look:for them. 
In fact, all the thirty-one histories, with one exception, contain no reference 
to this symptom, and‘in my abstract of their cases I always inserted under 
the heading of congenital deformities, ‘“ not mentioned.” ‘There is only one 
author (Salvetti, No. 79) who specially dwelt on the absence of microdac- 
tylia of either fingers or toes in the description of his case, but his subject was 
very young (four years) at the time of observation, when slight differences 
in the size of fingers or toes may easily escape notice, and a decisive X-ray 
showing the condition of the epiphyses was not taken. Several of the 
remaining cases have as their only records brief demonstrations before 
medical societies. My conviction, therefore, that every genuine case of 
myositis ossificans progressiva shows mycrodactylia of either fingers or toes, 
or both, holds good in spite of the nineteen questionable cases. Speaking 
loudly in my belief in the failure of ‘noticing this symptom stands the 
example of the great master of close observation, Rudolf Virchow, who failed 
to mention it in the history and description of his celebrated case (No. 46), 
while attention to the presence of microdactylia was called later by Gerhard 
in the discussion following the demonstration in the Berlin Medical Society. 
The malformations present in the cases were distributed as follows: 

Cases after Helferich (1879): Thumbs and big toes and little fingers, 
6; all fingers and big toes, 2; thumbs and fourth fingers, 1; thumbs and big 
toes, 24; big toes, 29; fourth and fifth toes, 1. 

The very marked preponderance in this compilation of the big toes, they 
being alone or in combination with other terminal parts of the extremities 
the seat of the brachydactylic deformity, is shown by their being represented 
sixty-one times in the sixty-three available cases. 

One does not wonder that a disease, so baffling in its course, from the 
first causes to its ultimate state, should invite the speculative as well as the 
patiently investigating observer to lift the obscuring veil and solve this 
embarrassing puzzle. 

One .of the first attempts to explain the mysterious process was the 
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theory of a retention of calcium in the organism due to a faulty metabolism 
which failed to excrete its quota of lime. This excess of lime in the fluids 
and the tissues was presumed, by its mechanical or chemical action, to exert 
an irritating influence and cause ossification. 

H. Duvy, in Abernethy’s case, was the first to examine the urine of these 
patients for phosphate of lime and found the quantity lower than the aver- 
age. This was confirmed by Dittmeyer’, Helferich?, Pinter* and Partsch*. 
Duvy, Partsch and Pinter found in addition the excretion of urea normal ; 
of uric acid, kreatinine and earth phosphates, diminished. 

As all these investigations were confined to the urine alone, without 
regard to faces or to exact account of the intake, they are valueless and 
must be rejected. 

Very exact and complete analyses, however, have been made by Burger- 
hout® and Austin®, both giving absolutely negative results. As Burger- 
hout’s excellent work, besides being buried in a dissertation, is written in 
Hollandish, and Austin’s has been published separately from Painter and 
Clarke’s case, which served for the investigation, I shall give both their 
tables here in full. They are self-explanatory and Burgerhout’s deductions 
are conclusive. 

Burgerhout’s comments on these tables are as follows: “According to 
the results of the examinations of our patients, no difference in the exchange 
of matter'seems to be observable. The metabolism according to the figures 
certainly does not deviate from that of normal persons. Under ordinary 
circumstances the resorption of the necessary amounts of nourishment leaves 
nothing to desire. The greater increase in this patient’s bone-tissue pro- 
duces no typical alteration in his metabolism through the composition of 
food which at all times exercises a governing influence upon the phosphates 


The daily diet during A and C was: 1.5 1. milk; 250 gr. bread; 100 gr. rice; 75 gr. 
butter; 50 gr. sugar, and one cup of Liebig’s bouillon, calculated as follows: 


Albumen Fat Carb. Hydrates 
46.875 gr. 45 er. 67.5 gr 
2.5 gr 150. gr 
Ee 21.875 gr. 
6.875 gr. 0.9 gr. 77-5 
| 76.2 gr 113.5 gr. 345 er 


Equal to 2782 calories, or about 32 calories per kgr. bodyweight. (Patient lying 
nearly motionless in bed.) 


* Op. citat. 
* Op. citat. 
* Op. citat. 
*Op. citat. 
* Op. citat. 
*Journal of Medical Research, 1907, vol. xvi, p. 452. 
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TABLE A 


| 
Quan e r Body 
D oe Ww é 
ate tity Sep Cl P:0. N CaO | MgO Kr Weight 
June 29...., 1280 | 1016 | 4.268 | 1.805 | 8.996 0.228 | 0.076 | 0.177 | 68.7 ker 
June 30....| 800 | 1032 | 4.557 | 2.292 | 12.611, 0.197 | 0.074 | 0.532 
tue 8.5.3. 560 | 102 3-971 | 1.053 | 6.372 | 0.207 | 0.057 | 0.181 
os ee 1430 | 1020 | 6.759 | 1.837 | 9.810 | 0.262 | 0.073 | 0.220 
Se. See 1180 | 1023 | 5.792 |} 2.136 | 9.416 | 0.244 | 0.085 | 0.120 
; pT oe ere 1020 | 1023 | 5.192 | 2.025 | 6.569 | 0.235 | 0.091 | 0.451 68.3 ker 
ered 39.539) 11.148) 53-774) 1.373 | 0.456 
Analysis of feces during 
entire period.......... 0.047 | 15.814) 4.291 |II.369 0.627 
Total urine and faces... ..|30.586 |26.926 [58.065 12.742 | 1.083 
TABLE B 
Hunger period: nothing taken but water, of which 4.1 1. was consumed. 
| URINE ANALYSIS 
Date tity |oPec- W Cl | P:0s | N CaO MgO Kr Weight 
} Li 2 eee 2100 | 1012 | 6.108 | 1.785 | 8.526 | 0.179 | 0.074 | 0.130 | 68.3 ker. 
oa ae [210 | 1016 | 1.219 | 1.954 | 7.996 | 0.196 | 0.102 | 0.416 
July 7.. 1730 | 1014 | 1.677 | 2.197 | 8.910 | 6.398 | 0.106 | 0.294 65 kgr. 
ae 9.004 | 5.936 | 25.432) 0.773 | 0.282 
Analysis of faces during 
entire period........... nee 4.689 1.856 | 3.218 | 0.188 
Total, urine and faces.....| 9.004 |10.625 | 27.288) 3.991 | 0.470 
TABLE C 
; LAST PERIOD URINE ANALYSIS. 
Date \Spec. Cl | CaO | MgO | Kr Woke 
rg 710 1026 | 2.237 | 1.260 | 8.300 | 0.402 | 0.086 | 0.499 | 65 kgr 
July 9...... 500 | 1030 | 2.729 | 1.205 | 8.176 | 0.266 | 0.062 | 0.678 - 
July Io... 530 1031 | 3.469 | 1.102 | 7.984 | 0.241 | 0.044 | 0.521 
July If... 710 | IOI9 | 5.206 | 1.441 | 9.164 | 0.258 | 0.048 | 0.481 
July 12.....| 1070 | 1018 | 5.058 | 1.198 | 6.861 | 0.189 | 0.039 | 0.284 
July 13.. 1320 | 1018 | 5.279 | 2.086 | 9.203 | 0.211 | 0.059 | 0.437 | 67.3 kgr 
23.978 | 8.292 49.788 | 1.567 | 0.338 | 
Analysis of faces during 
entire period........... 0.056 |11.808 | 2.956 | 8.296 | 0.529 
> Total, urine and faces... ..'24.034 | 20.100 52.744) 9.863 | 0.837 |...... 
TABLE D 
‘ C1 | N CaO MgO 
9.004 | 10.625 | 27.288 | 3.991 | 0.470 
Deduct 4.1 water consumed.............. 0.500 0.463 | 0.023 
Real loss during hunger period..............| 8.504 | 10.625 | 27.288 | 3.528 | 0.447 
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TABLE E . 
| a P10s N | Cao | Mgo 
Total first | 30.586) 29.962 | 58.065 12.742) 1.083 
po 24.034) 20.100 | §2.744 | 9.863 | 0.873 
| 6.552; 6.862 | §.321 | 2. 879) 0.246 
1.3 1. more water consumed during Ist period 


Real retention in 3rd period................| 6.393} 6.862 5-321 | 2.732| 0.229 


AUSTIN’S TABLES’ 


Daily | Daily | Daily | Daily | Daily | Daily | Daily 
CaO i CaO i Total CaO i CaOin | Total 
food Auid intake wie. faces output | Balance 
First period Novem- 
ber 28. Average of | | 
two series of seven j 
Gaye .880 gr. .366 gr.}1.246 gr.| .472 .787 gr..1.257 gr.| .o1T gr. 
. 560 gr.| .572 .425 .473 gr. | . 899 gr.| .327 gr. 


Substance taken poor in calcium: Roast beef, white bread, grapes, butter, oranges, chicken, spring water. 
and alkalines whereupon it hinges in these cases. During the hunger-period, 
when this disturbing influence ceases, we see distinctly that this bone-tissue, 
by its increased quantity, comes more into the foreground, and how our 
patient, in this way living at the expense of his body-tissues, also uses more 
of his increased amount of bone-tissue than normal persons.” Austin’s 
exact tables show a similar result. 

These tables, representing a complete analysis of the entire intake and 
the total output through urine and feces during three series of seven days 
each, show absolutely normal conditions and no retention of lime. 

With the multiplicity of cases and with modern methods the pathological 
anatomy of progressive ossifying myositis has been fairly well cleared. No 
longer prevails the old definition of Virchow*, who classified the pathological 
products as belonging under the heading of multiple osteomata and that 
the swellings representing such distinctive tumors always originate from the 
periosteum. 

This view had also been expressed by Eberth’ subsequent to his findings at an 
autopsy of a case of myositis ossificans progressiva which showed the ends of the 
muscles and their tendinous insertions ossified, the bodies of the muscles though 
relatively intact. This opinion was, moreover, shared at a much later date by 
Pincus,” who denied to our malady the distinction of being a type sui generis, adding 


that it belonged by all means to the class of osteomata and exostoses and possessed 
the indubitable characteristics of a tumor-disease, its original starting-point being 


‘A. E. Austin; Calcium Metabolism in a case of Myositis Ossificans; Journal of 
Medical Research, vol. xvi, March to July, 1907, p. 451. 
*Die krankhaften Geschwuelste and op. citat. 
*Ueber multiple Knochengeschwuelste, Deutsche Klinik, 1862, No. 9, p. 91. 
* Op. citat., 1897. 
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the periosteum, and its casual element the hemorrhage from traumatism during birth. 

Mays” was inclined to compromise. He asserts the pathological process to be 
in the osseous system along the course of tendons and fascie and in the intramuscular 
connective tissues as well as in the loose connective tissue between the muscles; 
but he affirms at the same time that the entire tissue complex is not sub- 
jected to this change, this anomaly being nowhere encountered in the subcutaneous 
tissue, affecting only the connective tissue of that apparatus which Virchow has 
singled out as a seat of the multiple osteomata, “the apparatus of motion.” 

He was disposed to range this disease with the exostoses, although his micro- 
scopical examinations point toward an adoption of the theory of a congenital pre- 
disposition to the ossification of the intramuscular connective tissue, the fascie and 
aponeuroses. 

Muenchmeyer” was the first to pronounce this view, and in separating it from 
all cases of multiple osteomata he drew a concise picture of the malady and charac- 
terized it as a peculiar and distinctive constitutional anomaly. 

Cahen” pronounced, as the first, an absolute identity in the microscopical pictures of 
traumatic and progressive ossifying myositis and a direct causal connection between 
the hypertrophy or the intermuscular connective tissue and ossification. Other 
reliable microscopical observers confirmed, in more or less complete form, these 
findings. 

Lexer™ asserts that the excessive increase of the intramuscular and connective 
tissue-cells and the formation of an indifferent tissue, rich in cells and profusely 
vascularized appearing with a simultaneous atrophy of the muscular tissue, is the 
forerunner of ossification. These new connective-tissue cells gradually assume large 
round forms and then change into cartilage cells. 

Kraske” believes that those osseous neoformations, not emanating directly from 
the bones, are ossifications extending from the insertion of the muscles into the tendon- 
fibres and fascie and the connective tissue of the muscles. The muscles do not 
participat in this change, and waste away through pressure-atrophy and fatty 
degeneration. 

In Goto’s” very extensive microscopical studies of his case the author arrives at 
the conclusion that the primary process is the hyperplasia in the fascia or aponeu- 
rosis, tendon or periosteum, also, under certain circumstances in the ligamentary 
apparatus. 

The muscular interstitial tissue, which most authors describe as the primary seat 
of the affection, is, according to his investigations, only secondarily invaded from 
the neighborhood. He would call the disease logically hyperplasia fascialis ossificans 
progressiva. He divides the course of the disease into three stages: 

1. The stage of connective-tissue hypertrophy without inflammation. 

2. The stage of fibrous induration. 

3. The stage of ossification. 

The new-formed bone always shows a normal bone structure. 

In this paper Goto attaches no importance to the hemorrhagic extravasations 
found in all of his specimens excised at an early stage of the local affection. Pieces 
excised later still showed traces of an earlier hemorrhage, but mostly absorbed. He 
expresses the belief that the hypertrophy of the connective tissue takes place so rapidly 
and energetically that the muscular elements in spite of their elasticity have no time 


Op. citat. 
* Op. citat. 
* Op. citat. 
“Op. citat. 
* Op. citat. 
* Op. citat. 
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to escape the process of distention. They, together with the thin-walled blood- 
vessels, are finally torn, and thus cause the secondary hemorrhagic foci. We will see 
later that his experimental work for traumatic ossifying myositis shows another 
aspect of the importance of blood and blood-vessels for the ossifying process. 


The microscopical findings in my own case, while confirming that the 
primary tissue change takes place in the extra and intramuscular connective 
tissue, add to this a hitherto unknown feature of this disease, a bone-forma- 
tion in the skin—a feature contrary to all previous experience. It involves 
principally the corium and therefore does not definitely trespass into the 
ectoderm ; but its independent and isolated occurrence, in even the connec- 
tive-tissue layer of the skin, has not been observed before. This find more 
than any other proves the primary tissue affected in this malady to be the 
connective tissue of the mesoderm, and the secondary and passive part, 
the muscular tissue. The significant presence of hemorrhagic extravasations 
as forerunners and foci of the new-formed cartilage and bone will be 
considered in connection with the question of the immediate cause for the 
bone-formation. 

In considering the various causes theoretically or experimentally ad- 
vanced for the explanation of bone-formation in this disease, I shall also 
include those for the traumatic myositis ossificans. While those based on 
the trauma itself can be easily excluded, we must recognize that the various 
stages in the microscopical pictures of the process of ossification are iden- 
tical in both and may be profitably examined and reviewed in common. 

The authors writing on this subject seem, with few exceptions, to be 
divided into two camps, one ascribing the stimulating cause to the presence 
of lime deposits, the other to blood extravasation into the tissues, due to the 
rupture of thin-walled mew-formed blood-vessels. There is lacking 
in both explanations the ulterior reason or proof for the presence of lime 
or of the free blood, the theory of metabolic lime retention being untenable 
in the face of the exact analyses of Burgerhout and Austin, and except in 
the cases of traumatic ossification none either for the extravascular blood. 

After a series of experiments and histological work, Berlies’ arrives at 
the conclusion that the muscular osteoma (rider’s bone) is not a tumor, but is 
formed in connection with the tearing off of a flap of periosteum. This is 
the basis of the new formation of bone, the detached flap surrounded ‘by 
the muscular fibres acting as a bone-graft within the body of the muscles. 

A development of bone tissue may also be gained by direct transformation 
of cartilaginous embryonic connective tissue, or of fibrous connective tissue. 


Rathcke” communicates an interesting case bearing upon this latter phase of 
development. A sailor 28 years old was hurt by the fall of a sailing yard on his 
right thigh. A swelling resulted immediately afterward, which gradually hardened. 


"Etude histologique et expérimentale des Ostéomes musculaires. Arch. de méd. 
expériment. Paris, 1894. Tome 6, p. 600. 

* Ueber die Ursache d. gelegentl. Auftretens v. Knorpel bei d. Myosit. ossif. Arch. 
f. Entwicklgsmechanik d. Organismen. Bd. vii, 1808, p. 308. 
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Extirpation some time later of this hardened mass showed an intersection of the 
vastus internus, with bands of interstitial connective tissue growing harder the 
nearer it approached the bone. In the peripheral parts the growth was a cartilag- 
inous tissue, but near the bone it was osseous and had to be separated with a chisel. 
Rathcke gives the explanation that where free motion exists, the tissue has to 
yield to changes of location and friction of the various tissue layers among each 
other and the cartilage adapts itself to these conditions, whilst the nearer the bone 
the traction and pulling is more and more prevented by its immovability, and only 
those cells survive which can offer the necessary resistance by their osseous trans- 
formation. This illustrates also the theory of Roux.” 

Cornil and Condray” grafted entirely detached pieces of periosteum into the leg 
muscles of young dogs and produced thereby growth of osteomata in these muscles. 
The microscopical study of these and of extirpated human myosteomata convinced 
them that the bony tissue of these tumors grows at the expense of the connective 
tissue and not at that of the more or less transformed muscular tissue. 

John Morley’s™ experiments on rabbits by scraping the periosteum and crushing 
the overlying muscle, produced bone-growth into the muscles. His specimen and 
X-ray pictures show this new growth to emanate exclusively from, and remain in 
direct continuation with, bone, forming an exostosis extending into the muscular 
tissue. 

Another theory that some component of the joints, evidently the synovia, plays 
an important part in the ossification of myositis ossificans traumatica, was advanced 
by Ewald.” The lesion produces a tear in the capsule, some of the synovia escapes 
and then exercises the peculiar stimulus leading to ossification. 

The experiments of Fabris” were based upon similar suppositions. His obser- 
vation was that most cases of myositis ossificans traumatica occur in the neighbor- 
hood of articulations. He injected synovia into the muscles of dogs, but his results 
were absolutely negative; not the slightest trace of osseous tissue could be found in 
the injected area. 

Among those who advocate that the presence of lime is the important cause of 
ossification, Cohn™ believes that in a fair number of cases a chronic mechanical 
irritation by lime alone may lead to ossification (in blood-vessels). 

Marchand™ asserts that genuine bone may be produced by connective tissue 
everywhere where sufficient lime salts are available, i.e., where calcification has pre- 
ceded. Without the presence of lime no bone could be found, in spite of the most ener- 
getic hyperplasia of connective tissue. 

Rohmer™ believes that the first condition for the production of bone is the new 
formation of a highly vascularized connective tissue, and the second the presence 
of lime. 


” Gesammelte Abhdign. Ueber Entwickelgsmechanic, Bd. ii, No. XVIII. Leipzig, 
1895. 

*"Sur le mode de dévelopement des ostéomes musculaires traumat 
Bulletin de l’Académie de méd. Paris, 1907. Pp. 597--6oo. 

"Traumatic intramuscular ossification. British Medical Journal, Dec. 5, 1913 
p. 1475. 

“Zur Aetioligie d. Myos. ossif. traumat. Zentralbl. f. Chir. 1910, No. 22, p. 771. 

*Fabris: Sulla genesi della miosite ossificante. Gazetta degli Ospedal e della 
Cliniche, 1911, No. 42, p. 443. 

* Cohn: Ueber Knochenbildg. in d. Arterien. Virch. Arch. Bd. 106, 1886. 

* Marchand: Verhdign. d. deutsch. Pathol. Ges. Ber. ueb. d. 2 Tag. Aachen 17-20, 
September, 1900. 

* Ueber Knochenbildgn in verkalkten endocarditischen und endarter. Heerden 
Virch. Arch., Bd. 166, p. 13. 
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A similar view as to lime has been entertained by Pollak”, who observed cases of 
heterotopic bone-formation in the lungs. It always occurred around calcified necrotic 
parts. His case (No. 21) showed an additional ossification of the stylohyoid; case 
No. 24, exostoses on the lumbar vertebre. 

Roepke” joins in the conclusions that the presence of lime salts within a traumati- 
cally inflamed connective tissue furnishes the irritation and cause for bone-formation. 

Georg B. V. Gruber” emphasizes again the absolute identity in the microscopical 
pictures of slides of traumatic myositis ossificans cicumscripta and myositis ossificans 
progressiva, and adds that wherever young and very vascular connective tissue meets 
with previous lime deposits an osseous formation is possible without any relation to 
periosteum. Such has been observed in blood-vessels, lymphatics, glands, brain, liver, 
kidneys, vas deferens, etc. He also mentions the possibility of secondarily encysted 
blood or lymph deposits being the source of lime for bone-formation. In a previous 
paper” the same author arrived, among others, at the following conclusions: “That 
the periosteal genesis in myositis ossificans traumatica is improbable and is absolutely 
excluded except in cases where the muscle-bone is in direct communication with the 
skeletal bone; and that the ossifications of the muscles are caused by the united 
action of young cellular connective tissue meeting the deposits of calcium, or of 
being stimulated to ossification by its presence in the tissues. 

“In order to decide the problem of the genesis of muscular ossification or to 
solve that of heterotopic ossification in general, the questions regarding the calcium 
metabolism and the calcification of tissues must be answered. Until now the acceptance 
of a certain individual disposition to such ossification cannot be dispensed with 
entirely.” 

Dibbelt™ drew attention to the difference in the forming of bone between car- 
nivorous and herbivorous animals, dogs instancing the difficulty among the car- 
nivorous, rabbits the case of the herbivorous. He attributed these diversities to the 
high calcium metabolism of the herbivores, and supported this theory by animal 
experimentation. He fed rabbits on food poor in calcium and caused the formation 
of fibrous tissue in place of bone, the addition of calcium to the food effecting a 
metaplastic change of tissue into bone. 

That free blood acts as a factor in the bone-producing process has been very 
frequently and persistently claimed by many authors. 

Cahen” claims this in his paper where he asserts as the first, that the microscopi- 
cal picture of myositis ossificans traumatica is identical with that of progressive. 
In his case the hemorrhage caused by the trauma marked the place of origin of 
the later ossification. 

E. Cordillat® reports the case of a young soldier, 21 years, entering a cavalry 
regiment, who, between November 24, 1894, and January 19, 1895, rode altogether 
about fifteen miles, and who presented himself on the latter date with an ecchymosis, 
the size of a dollar, on the left leg posteriorly, and a hard, bony mass at the inside 
of the femoral vessels occupying the entire middle adductor, a length of 17 cm., with 


*™ Ueber Knochenbildgn. in der Lunge. Virch. Arch., Bd. 165, p. 129. 

*Z. Kenntn. d. Myositis ossif. traumat. Arch f. klin. Chir., Bd. 82, p. 81. 

*” Weitere Beitraege z. pathol. Anat. d. umschrieb. Muskelverkng, nebst Bemerkgn. 
z. Myositis ossif. ueberhpt. Mitth. a. d. Grenzgb. d. Med. and Chir., 1914, Bd. 27, 
pp. 762-786. 

” Ueber Histol. & Pathogen. d. circumscript. Muskelverkng. Jena, G. Fischer, 1913. 

" Beitraege z. Histogenese d. Skelettgewebe & ihrer Stoerungen. Beitraege z. 
pathol. Anal. & z. allgem. Pathologie, 1910. Bd. 48, p. 147. 

™ Ueber Myos. ossif. Deutsche Zeitschr. f. Chir., Bd. 31, 1890, p. 372. 

™ Ostéome bilatéral du moyen adducteur. Arch. d. Méd. et de Pharmac. militaires, 
1805. Tome, 26, p. 427. 
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Fic. 25.—Fungus and finger-shaped inner branches with osteoblasts (a) and apparent erythrocyte 
participation in forming branches and ring (band c). A, a, branches; b, ring; c, osteophytes (oc. II, obj. 16). 
B, a, erythrocyte in branches; b, erythrocyte in ring; c, beginning formation of branch; d, areolar tissue (oc. 
II, obj. 4); e, as ostroblasts. 
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Fic. 26.—B. Apparent erythrocyte participation in building of branches in very early stage of formation 
(enlargement of Fig 26 C). a, erythrocytes; a’, same entering into building of branches; b,'branches in very 
early stage of formation. C. Apparent erythrocyte participation in building of ring and branches in early 
stages of formation somewhat later than Fig. 26 B. a, erythrocytes; a’, erythrocytes_in apparent participa- 
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a spur about 3 cm. long at its upper part. He was under daily observation until Feb- 
ruary 15, 1895, when the surgeons discovered an osteoma in the right adductor 
medius. It had formed unbeknown to the patient, occupying the same position as 
on the left and evidently from the same cause. 

Duems™ expresses his belief, founded on the observation of his cases, that the 
irritation of the connective tissue from the hemorrhagic infusion following the trauma 
is responsible for the ossification. 

Bier™ voices a similar opinion, accusing directly the hemorrhage of being the 
irritant for bone-formation. 

Stempel” excised pieces of muscles from a case of myositis ossificans pro- 
gressiva. His microscopical examination of the early stages always showed a hyper- 
trophy of the fibrillary tissue separating the muscular fibres and an intramuscular 
hemorrhage, and although he never detected an increased cell infiltration or primary 
hypertrophy without hemorrhage, this author expresses the opinion that the excessive 
connective-tissue growth as the primary factor in the process causes the hemorrhage 
by pressure and later the ossification. 

Steinert” observed ossification of muscles after hemorrhages into them, with 
patients whose limbs were paralyzed from cerebral apoplexy. In some of these cases 
the connection between hemorrhage and ensuing ossification is most striking, in a 
few others only very probable. In one of the cases a disposition to hemorrhages 
existed. 

In their experimental work Sacerdotti and Frattin® found a nearly constant 
bone-production with bone marrow in kidneys of rabbits after ligation of renal 
blood-vessels, and consequent hemorrhagic necrosis and ossification throughout the 
organ. The necrotic tissue is riddled with blood-extravasations, and these give rise 
to ossification. 

Berndt” found, in a free ossified muscular tumor extirpated twelve days after a 
trauma, a hemorrhagic extravasation entirely permeating the muscle and periosteum. 

In his two excellent monographs on myositis ossificans progressiva” and myositis 
ossificans traumatica Goto“ pleads for the recognition of an essential difference 
in the part taken by the hemorrhagic extravasation of changing into the ossifying 
tissue of the former disease from that in the latter. Although encountering in all 
of his early excisions of invaded tissues, either of the progressive or the traumatic, 
or of the experimentally produced forms of myositis ossificans, the characteristic 
hemorrhagic extravasation into the affected territory, he considers the hemorrhage 
of the progressive form a secondary feature induced by the hyperplasia of the 
connective tissue, which is supposed to finally tear the muscular fibres, together with 
the small, thin-walled blood-vessels, and thus cause a secondary hemorrhage, an 
explanation already advanced by Stempel.“ In the traumatic form, however, Goto 


“Deutsche militaeraerztl. Ztschr. 1887. No. 16, p. 325. 

* Beobachtungen ueber Kochenregeneration. Arch. f. kl. Chirurgie. Bd. roo, p. 91. 

* Op. citat. 

"Ueber d. sogen. Myos. ossif. & verw. pathol. Verkngsproc. insbes. bei org. 
Nervkrkhtn. Mithlg. a. d. Grenzgeb. d. Med. & Chir. Bd. 21, 1910, p. 513. 

"Sulla produzione eteroplasto dell osso Ricerche sperimentali. Giornale della 
Academ. di Med. di Toreno. Vol. vii, 1901; fasc. 12 & Virch. Arch. 1902, Bd. 168. 

*” Arch. f. kl. Chirurgie. Bd. 65. 

“ Patholog. & Anatom-klin. Studien ueb. d. sogen. Myositis ossif. progr. Arch. f. 
klin. Chir. Bd. C, p. 730. 

“ Die sogen. Myositis. ossif. circumscripta traumatica. Eine chirurg. experimentelle 
Studie Mitthlgn. aus. d. mediz. Fakultaet d. Kais. Univ. Kyushu, Fukuoka, Japan, 
Bd. 1, 1914. 

Op. citat. 
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recognizes the primary part of the hemorrhage, and the microscopical examination 
showing no difference between the two, he considers hemorrhages in the latter the 
primary cause and essential for bone-growth in consequence of the trauma; and 
although he constantly found their traces as well in fresh attacks of myositis ossificans 
progressiva, they are considered by him as a secondary trait only in this disease. 

Goto employed for his experimental production of myositis ossificans indirect 
traumatism of the periosteum by hammer blows upon a portion of the femur, only 
thinly covered by muscle, and transplantation of periosteum into the muscular sub- 
stance by either pedicled or free flaps, or of fine pieces chopped in physiological salt 
solution. They were all successful. He also tried hammer blows, and other trau- 
matisms, with and without intramuscular injections of small quantities of blood, 
and finally the method of G. Koga“—repeated intramuscular injections of 1 per 
cent. solution of chlorate of lime, 3 cm. to the kgr. weight of rabbit. Of this last 
series of experiments, solely the ones with chlorate of lime injection showed ossif- 
cation centres; the ones with the injections of blood alone showed calcification only 

The excisions and examination of these latter took place only thirteen days 
after the injections, whilst those of the chlorate of lime series were allowed to stay 
thirty and more days. The question if a longer interval between injection and 
excision of the blood injections would have given results of ossification must remain 
unanswered at the present time. The same experiments on guinea pigs showed early 
X-ray shadows. 

Duems-Vulpius“ approach this quest from an experimental as well as clinical 
standpoint. Their experiments and their casual observations of these ossifications 
always showed hemorrhagic extravasations as their precursors. 


Among the latest publications on heteroplastic ossifications, two notable 
papers, Moshkowitz** “On the Relation of Angiogenesis to Ossification, 
etc.,” and George W. Outerbridge’s** “ Non-teratomatous Bone-Formation 
in the Human Ovary,” require special attention. Moshkowitz quotes the 
older Rabl-Schulte doctrine of the specificity of endothelium, which takes 
it from the series of mesenchymal derivatives and separates it absolutely 
from the blood should this prove to be of mesodermal origin. Consequently, 
thinkers who support this view have seen the importance of assigning an 
entodermal origin to both blood and endothelium. He then endorses the 
modern theory of angiogenesis (first proposed by Rueckert and Mollier) 
that blood-vessels form from clefts and spaces within the mesenchyme 
bounded by the indifferent mesenchyme cells. The clefts and spaces enlarge, 
fuse together to shape the blood-vessels while the lining mesenchyme cells 
flatten and form the endothelium. The microscopical specimens of Moshko- 
witz lend great force to this theory. He ascribes to blood-vessels the im- 
portant part in the process of ossification in bringing a dead or inert tissue 
into heteroplastic activity; and in describing further how fibroblasts later 
become endothelium he shows that normal and pathological ossification are 
based upon identical features. 


“ Koga—Kyota Igaku Zassi. Bd. IX, 1912, h. 2 and 3. 

“Op. citat. 

“ The Relation of Angiogenesis to Ossification. Based upon the study of five cases 
of Calcification and Ossification of the Ovary. Johns Hopkins Hospital Bulletin, 
No. 301, March, 1916. 

“ American Journal of the Medic. Sciences, No. 531, p. 868; June, 1916. 
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In his conclusions, he reiterates “the importance of circumscribed lime 
deposits for the formation of primary Haversian canals, accomplished by the 
genesis of an active mesoblastic tissue, both around the surface and within 
the interior of such deposits. This mesoblastic tissue is derived from the 
adjacent blood-vessels and the predominant activity in the development of 
new blood-vessels.” 

The development of new Mont: vecnsle affords the keynote to the inter- 
pretation in terms of cellular ontogeny of the process of ossification. The 
histological constituents which enter into the formation of new blood-ves- 
sels are the progenitors of all the histological compounds of osseous tissue. 
In other words, blood-vessels, osteoblasts, bone cells and marrow (in large 
part at least) are merely differentiations of the mesenchymal cell-unit. 
After having demonstrated that his specimens furnish strong corroboration 
of the adaptive or mesenchymal theory of angiogenesis, and to the theory 
of the non-specificity of endothelium, he adds that ossification does not 
occur without preliminary calcification, and calcification occurs only in dead 
tissues. We quoted Moshkowitz more extensively, as our own specimens 
show many resemblances to his, after calcification has occurred. Outer- 
bridge gives virtually identical pictures but does not enter into their interpre- 
tations, but simply chronicles the calcification and final ossification. 

Although Haga and Fujimura*’ do not ascribe a basic importance to the 
primary hemorrhage in the traumatic myositis ossificans, the reports of their 
microscopical findings in extirpated specimens of their cases variously men- 
tion in every one the presence of blood-extravasations ; as “ capillaries in the 
intermuscular connective tissue are torn and extravasation of blood has 


taken place . . . mumerous and large hemorrhagic extravasation and 
mighty development of new capillary vessels . . . goodly sized 
blood extravasation in the intramuscular connective tissue . . . here 
and there blood extravasates and neoformation of capillaries . . :” 


and thus permit a different view of their importance from that of the authors. 


Van Arsdale“ published a very interesting and important case of an ossifying 
hematoma, important for this question of participation of free blood in the act of 
ossification. A young man, 22 years old, received about the middle of April, 1801, 
severe blows on his right arm. The region immediately below the insertion of the 
deltoid was the seat of a large, soft fluctuating tumor, showing an increase of 
circumference over its fellow of 10 cm. The skin over the swelling was bluish and 
the parts tender on pressure. When seen again, May 20, the circumference of 
the right arm was diminished 6 cms., tumor of bony hardness throughout and 
apices harder than middle. Presented on May 27 to Surgical Society of New 
York; diagnosis, ossifying haematoma. Operation June 22. External tumor 9 cm. 
and 3 cm. broad or high, external coat or shell nearly 1%4 cm. thick; contains 
cavity filled with partly coagulated blood. Bony hardness of the wall most marked 
over periphery of tumor. Induration then gradually decreased toward central cavity. 

The same course, from calcification to ossification, as seen in humans, was 


“ Arch, f. kl. Chir. Bd. 72, Hit. 1. 
“ ANNALS OF SURGERY, 1893. 
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observed in the one case published as such from animal pathology. Lorge® dis- 
sected an anatomy horse which showed the symptoms of progressive myositis 
ossificans. The horse showed in the connective tissue surrounding the smaller 
muscular bundles (perimysium internum) a great number of fine needles resembling 
cement, which made a noise when the knife passed over them. The affected muscular 
fibres had a pale yellowish color; they were atrophic and their contents partly 
fattily degenerated. 

The diseased muscles were distributed all over from head to feet. In the 
tongue the mass could be kneaded with the fingers; in other places it was so firm 
that it could be crushed only with difficulty. Microscopical examination showed 
that the normal striation of the diseased muscles had disappeared and in their place 
were granular or dark dots composed of bone cells. The external cellular sheath 
of the muscle did not show anything of a pathological calcification. According to 
the views of Lorge, “the calcareous deposit in the inner sheath of the muscle was 
the first, the atrophy and fatty degeneration of the muscle fibre the second stage 
of a disease, which is rarely observed with humans and has been named progressive 
ossifying myositis by Professor Dusch, of Heidelberg.” 

Another animal case not yet published is one observed by Prof. Dr. K. F. Meyer, 
of the Hooper Foundation for Medical Research of Medical School, University of 
California. While showing my slides to the Doctor he was reminded of the case of a 
dog examined by him in Philadelphia in 1912 as Director of the Pathological Labora- 
tory, Pennsylvania State Live Stock Sanitary Board, University of Pennsylvania. 
From comparing our notes and pathological findings we both came to the conclusion 
that this dog, the exact diagnosis of whose disease had been rather baffling, had been 
suffering from myositis ossificans progressiva, and Doctor Meyer was kind enough to 
permit me to incorporate his hitherto unpublished manuscript in my treatise. I 
give it largely in its original form, with a few changes made by me relative to its 
new viewpoint and submitted to and approved by Doctor Meyer. 

In November, 1912, through the courtesy of Doctors Cunningham, Hoskins and 
Jarrett, of the Pennsylvania State Live Stock Sanitary Board, a dead setter dog 
was sent into the Pathological Laboratory which showed on all four legs a most 
remarkable anomaly which had developed gradually. Unfortunately, the dog had 
died the day previous, and therefore the carcass when brought to autopsy was in a 
fairly advanced stage of decomposition. Before giving the autopsy findings, I will 
briefly relate the clinical history given to me by the owner of the dog (Doctor 
Cunningham) : 

Setter dog; male; was born in May, 1909, and was one of a litter of fourteen. 
Some of the pups were killed accidentally by the mother. Seven were raised. They 
were all extremely nervous. At the age of four to five months the pup in question was 
lame in the left hind leg. It was found that the left hock region was swollen and on 
palpation very tender. The animal was treated with Fowler’s solution for about one 
month, at the end of which time the swelling disappeared and the dog developed 
normally to a typical English setter and at the age of one year won two first prizes. 
At the age of eighteen months the dog became listless, would lie in the corner and 
refused to play, which was strange, as the dog had always shown unusual vivacity. 
At the age of nineteen months the swelling on the hock again appeared, was tender 
on palpation and soon extended above and below the hock. The dog became 
extremely lame and was most of the time dragging his legs under him. It was again 
treated with Fowler’s solution, and about two months later a similar swelling started 
in the right hock, and at the age of twenty-two months both hind legs were enor- 
mously enlarged. A careful examination revealed that the joints were absolutely 


“Annales de Médecine vétérinaire; publ. a Bruxelles XXme anneé; Mars.-Mai, 
1871, ref. Repertorium d. Thirhlkde, Hering. 
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normal. The general condition of health was perfect; the appetite was good; no 
fever was ever noticed. 

In the spring of 1912 a similar swelling started gradually, beginning on the 
metacarpus and elbow on the front legs. The dog started a very troublesome cough. 
This condition remained the same until November, 1912. He was able to walk by 
dragging his legs after him, but he had always to be assisted when walking up or 
down stairs. Two days before his death the cough was very bad and temperatures 
from 103 to 106 were noted. He died with the symptoms of heart paralysis Novem- 
ber 19, 1912. 

The autopsy was performed by me on November 20, 1912, and the following 
is a condensed report of the essential findings only: 

Setter dog; male; 2% years old. Emaciation; all four legs hard, tremendously 
enlarged and heavy. Fat tissue has nearly disappeared. Muscles on extremities 
atrophic, pale and ossified. Along the extremities the skin can only be removed with 
difficulty on account of a heavy layer of dense, hard, whitish connective tissue. Along 
the shoulder-blade at the insertion of the muscles, hard, nodular, fibrous, callous- 
like connective-tissue layers. 

In both pleural cavities there is a small amount of reddish fluid. Costal pleura 
slightly reddish. 

The right apical lobe is attached to the costal pleura by several broad connective- 
tissue bridges. All lobes of the lungs are cedematous and soft. The right upper lobe 
shows a tumor size 1512x19% cm. distinctly protruding above the surface of the healthy 
lung tissue. Its color is whitish and in certain places grayish. 

The consistency of this tumor is dense and hard. On section there is a connective- 
tissue capsule of about 6 mm., a whitish, yellowish tissue meshwork, which contains 
many cheesy, pus-like areas. The bronchi leading to this portion contain granular pus 
and a few superficial ulcerations. All the other lobes of the lungs contain in the 
bronchi a serous reddish fluid. The tissue is soft and friable. 

The left and right bronchial lymph-nodes are enlarged and contain numerous 
yellowish nodules, which are in places also cheesy. In the trachea and bronchi a small 
amount of granular mucus intermixed with pus flakes. The vocal cords and the 
epiglottis are somewhat thickened and, hard. 

An examination of the extremities revealed the following conditions: The left 
and right thoracic limbs show the length of the ulna about 22 cm., a circumference of 
22% cm. and a thickness of 6 cm. The elbow and carpal joint are immobile. The 
metacarpal and interphalangeal joints are, under restriction, mobile. On incision the 
enlarged parts of the ulna show a fibrous, nodular, gritty, bone-like material. Both 
pelvic limbs are extremely enlarged, but remarkably flattened. The following figures 
will indicate the conditions: 

The length of the right tibia is 25 cm. From the middle of tarsus to the end of 
the third toe, 18 cm. The diameter of the oval-shaped tibial circumference is 8 cm., 
and 6 cm. thick, and is considerably flattened in the middle. The circumference is 
21.5 cm. The circumference of the metatarsal bones is 25 cm., and the diameter of 
the region of the tarsal bones is 10 cm. The second toe has a length of 3 cm. and a 
circumference of 5 cm., and is extremely plump. The structure of the subcutis is the 
same as that described for the fore-limbs. 

No swellings or enlargements of any kind were noticed on the head, around the 
spinal column or the tail. : 

The left thoracic and the right pelvic limbs, together with the entire skeleton, 
were carefully macerated. The right thoracic and left pelvic limbs were fixed in 
Mueller’s solution. The tumor in the apical lobe was fixed in formalin. 

The maceration of the skeleton revealed the following pathological changes: 

The supraoccipital and the condyloid fossa show slight roughening. The condyles 


613 


; 
{ 


JULIUS ROSENSTIRN 


of the mandible show small, wart-like roughenings. All the bones of the head are 
somewhat porous. 

The left shoulder-blade is light when compared with those of normal dogs; some- 
what porous, but normal in shape. The posterior angle shows plump, thick, hard 
swelling, size 2%x4cm. (See plate 1, 2,3.) The edges are nodular, wart-like. The 
acromion is enlarged, flattened and porous. The scapular notch shows small, wart-like, 
spongy exostoses. The scapulo-humeral joint is absolutely smooth and normal. The 
humerus is normal in length, but extremely plump; shows on the crest a flat, leaf-like 
growth of bone tissue, which extends over the shaft, leaving a space free for the 
atrophic biceps muscle. Both the external and the internal condyloid crest, the external 
and internal condyle, the olecranon fossa, are covered by heavy (3 cm.), thick, spongy, 
wart-like osteophytes, resembling on the internal condyle the picture of a sponge. 
Both articular ends of the humerus are normal. The bone tissue is extremely spongy 
and soft. Above the condyles is a small hole connecting the coronoid fossa with the 
olecranon fossa and is caused by osteophytes on the proc. anconeus of the ulna. 

Both ulna and tibia are covered with most luxuriant osteophytes. Their length 
appears about normal as compared with dogs of the same age. The existence of the 
ulna can only be determined on the proximal joint ends, where the radius is still 
separated from the ulna by a small groove. Otherwise the entire ulna is buried in 
the mass of new bone tissue. The thickness of this neoformation examined from 
the anterior side is about 5% cm.; spongy, irregular masses of bone tissue surround 
the entire radius, leaving only on the internal side a round groove for the localiza- 
tion of the deep flexor and the flexor carpi internus. The joint ends are entirely 
invisible when mounted, but show distinct pseudo-arthrosis of the osteophytes. A 
similar pseudo-arthrosis is seen at the proximal end of the osteophytic growth and the 
osteophyte above the coronoid fossa. 

The carpal bones are invisible on account of the masses of osteophytes. On the 
posterior view they can still with some difficulty be distinguished, as there the 
osteophytes have left a flat, oval channel for the passage of the flexor tendons. The 
metacarpal bones are uniformly covered in the anterior portion by an arborescent 
wart-like growth of osteophytes. The third and fourth bones are separated by a 
cleft. From the fifth and the first metacarpal bones the osteophytes grow over thie 
posterior part of the metacarpus, forming the roof of the channel mentioned above. 
The osteophytes on the metacarpal bones show pseudo-arthrosis with the osteophytes 
of the carpal bones, the ulna and the radius. We have two masses of osteophytes, 
therefore, those of the radius and ulna and those of the carpal and metacarpal bones, 
which are connected by joints. 

The first phalanges are plump; those of the fifth, second and first digits show 
the osteophytes on the external side. The second phalanx of all digits is chunky 
and shows wart-like osteophytes growing on the back of the phalanx. The wing 
and coronary ridge on the third phalanx are also plump and show crest-like osteo- 
phytes surrounding the entire bone. Only the ungual surface is entirely smooth, 
somewhat porous. All of the joint surfaces are smooth and unaffected. The volar 
sesamoids were lost during the process of maceration. 

The pelvis appears normal, is somewhat porous; around the psoas tubercle and 
the iliopectineal line there are several wart-like osteophytes. 

The femur is of normal length; shows similar conditions to the humerus; the 
proximal and distal joint-ends are normal. 

The patella and the sesamoid bones are covered with osteophytes which are con- 
nected by pseudo-articulations. 

The tibia and fibula are remarkably enlarged and show most of the lesions that 
were observed in the thoracic limb. Here also a space is left open for the flexor 
tendons, the lesions on the tarsus and metatarsus and digits are nearly identical with 
those just described for the thoracic limb, with the exception that there is a marked 
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lateral compression, probably due to the fact that the dog was lying constantly on 
the hind legs. 

Most of the lesions are therefore seen on both extremities. They are characterized 
by extremely massive apposition of bone which is located around the compact masses 
of the bones, selecting frequently the places of the insertion of the tendons. 

A chemical analysis of some of the osteophytes on the radius, and, for com- 
parison, from the shoulder-blade, was made. I am indebted for the analysis to Dr. 
John Marshall, of the University of Pennsylvania. 


CHEMICAL COMPOSITION OF DRIED BONE 


Normal Exostosis Shoulder-blade 
Calcium phosphate, Ca3(PO,)s................ 57-35% | 53-98% | 52-71 q 
Magnesium phosphate Mg;(PO,):............. 2.05% | 2.75% | 2.18% 
Carbonate, fluoride, and chloride of calcium....| 3.45% 3.04% | 3.32% 
Organic matter (ostein) | 33-30% | 31.91% | 32.58% 


By the above table it is shown that the minerals are uniformly reduced as well 
as the ostein. A slight increase of water is noted and conditions are prevailing here 
which resemble somewhat those found in osteomalacia. 

The microscopical examination of sections of the lung tumor, stained with 
hematoxylin, eosin, Van Gieson, etc., show: 

A thick layer of connective tissue containing a few capillaries. Below this 
layer is seen the tumor tissue of alveolar or papillomatous epithelium. Connective 
tissue septa of varying thicknesses form a net-like stratum; the free spaces, tubules 
or alveole are coated by single or stratified layers of fairly regular epithelial cells 
and contain débris, desquamated cells and coagulated masses. 

The size of the alveole is varying; they are mostly tubule-like; in some places 
they are glandular and resemble adenomatous or papillomatous structures. The 
epithelial cells are squamous, with large vesicular nuclei; sometimes they are narrow 
and cylindrical; in most alveole they are in single layers. Most of the cells have 
smooth contours; some, however, show filament-like protoplasmatic projections. The 
type is apparently one of metaplastic pulmonary epithelium. It is impossible to deter- 
mine whether alveolar epithelium of the lung, or whether metaplastic columnar 
epithelium of the bronchial lining is the substratum from which these tumor cells 
have developed. In specially stained sections no mucin-like material could be seen, 
so that I feel justified in excluding the possibility of the tumor cells having originated 
from the mucous bronchial glands. 

In the depth of the tumor the tissues are to a large degree necrotic and consist 
of material which stains deeply with eosin; some areas of liquefaction are distinctly 
seen as indicated by the presence of numerous leucocytes and lymphocytes. 

The lymph-nodes showed the same papillomatous arrangement of the same 
metaplastic epithelial cells. A careful search for tubercular lesions was negative. The 
lung tumor can therefore be diagnosed as a primary lung carcinoma with secondary 
metamorphosis and metastases in the bronchial lymph-nodes. It was impossible to 
determine if the tumor was of alveolar or of bronchial origin. 

Sections of the bone proliferations which were fixed in Mueller’s solution and 
decalcified with nitric acid and embedded in celloidin show on the left fibula (for 
example) that the entire bone material directly under the derma is covered by 
fibrous connective-tissue layers. The osteophytes in form of lamellz and trabecula 
are rich in blood-vessels and Haversian canals. Some of the walls of the blood- 
vessels are abnormally thick. Fibrils of connective tissues cross the muscles in 
different directions and compress the fibres. Between the osteophytes is a soft, 
succulent connective-tissue mass. 
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The compact substance of the fibula is extremely reduced in thickness—and it 
is difficult to realize what is originally bone and what is osteophyte. The Haversian 
canals are very remarkably enlarged; one notices groups of osteoclasts and giant cells 
scattered irregularly. The process here is of the usual character of bone resorption. 

Below this zone similar trabecules grow into the marrow. The structure and 
shape are similar to the periosteal osteophytes. Dense connective-tissue fibres show 
layers of osteoid tissue which is surrounded by spindle-shaped cells resembling 
osteoblasts. The process of active bone apposition is quite apparent. Lack of com- 
parative material prevented a further study of this enchondral ossification. 


In view of a recent revision of the data of this case I do not doubt it to 
be one of myositis ossificans progressiva in the dog. The clinical history is 
an exact counterpart of many of the typical histories of human cases in the 
foregoing compilation (vide cases 15, 17, 23, 25 and many others), the 
more extended ossification having been arrested by an early death due to 
complication with the carcinoma in the lung. The pathological changes in 
the osseous system are significant of the disease. The ossification along the 
muscular tracks and insertions involving and supplanting these structures, 
the comparative freedom of the articulations, together with the spongious 
character of the new bone formation, are all features of this disease. A 
very characteristic symptom marking this case undeniably as one of myositis 
ossificans progressiva is the microdactylic state of the thumb of the photo- 
graphe.. thoracic extremity. The end phalanx was lost in the process of 
maceration, but the first metacarpal is less than half of the normal size and 
the first phalanx also is considerably shortened. At the time of the autopsy 
the diagnosis of myositis ossificans progressiva was not taken into considera- 
tion and therefore no attention was paid to the fingers and toes of the other 
extremities ; but the photograph of the macerated foot shows the condition 
distinctly so as to remove all doubt, at least as to this extremity. The 
very rare similar observations in the literature of animal pathology appear 
from this viewpoint in a new light. 


In 1890, Kitt” observed a case which, according to his description, resembles 
my specimens in many respects. The exception was the exceedingly prominent 
lesions on the mandible very frequent in human cases of myositis ossificans progressiva. 
Perhaps inasmuch as the dog had been destroyed in perfect health, the lesions on the 
limbs could not develop to the same degree as those seen in the case under discussion. 
The dog was one year old. Kitt™ explained the condition as an abnormal diathesis 
of bone formation, and inasmuch as the ossification started at the insertion of the 
muscles, he diagnosed his case as a multiple myopathic hyperplasia of the bones. 

Liénaux” saw two old dogs with distinct enlargement of the thoracic and pelvic 
limbs. He could autopsy, however, one animal only. The pictures and descriptions 
correspond with my observations only that the extent of the process is a less marked 
one than in my case. In another case, of which he found only the skeleton in the 


“ Kitt: Lehrbuch der pathologischen Anatomie der Haustiere, I, 1910, 4th edit., 
p. 388. 

" Symmetrische multiple Hyperostosis & Exostosis bei einem Hunde tahresbericht 
der kgl. tierarztlichen Hochschule, 1890. 

™ Liénaux: Apropos de |’ostéitisme, ostéite déformante du chien. Ann. de médecine 
vétérinaire. Mars, 1899. 


616 


Fic. 27.—Apparent erythrocyte participation in bone formation and differentiation of eous and carti- 
laginous parts of ring. a, Erythrocytes; 6, cartilaginous part of ring; c, oss« 


Fic. 28.—Interior osseous branches and islets forming and a connective-tissue 
ends of ring. A, 4, connective-tissue bridge; b, branches and islets; c, outer ring (oc. 6 
nective-tissue bridge of A (oc. 6, obj. 4). 
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_ Fic. 29.—Bone and bone-marrow. 
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FIG 30 Cartilaginous development of bone Cartilaginous tissue, at inner border of osseous ring F 
I A.4, ossified outer part, 0, cartilaginous part; c, epidermi bj. 16). B. a, ossified part; b, cartilaginous 
part (oc. 2, obj. 8 Enlargement of A. a 


Fic. 31.—Inner branches with erythrocyte participation. A, a, erythrocytes entering in bone forma- 
tion (oc. 6, obj. 16). B, a, erythrocytes in same place (oc. 6, obj. 4). B. Branches of later stage of for- 
mation with apparent erythrocyte participation (enlargement of A). a, erythrocytes; a’, erythrocytes in 


participation of building of branches; b, branches. 
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Fic. 32.—Solidified bone and primary hemorrhage both near each other close to epidermis 4.a 
solidified bone; b, primary hemorrhage; c, erpidermis (oc. 2, obj. 2*). 3B, 6, primary hemorrhage (oc, 6 
obj. 16). C. a, solidified bone (oc. 6, obj. 16). 
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. ™ Fic. 33.—Partially solidified bone with central remainder of erythrocytes close to epidermis. A 
epidermis; b, bone with erythrocyte centre (oc. 2, obj. 2 


mainder (oc. 2, obj. 2 *). 
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a, epidermis; b, same bone; ¢, 
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Fic. 34.—Solidifying bone with remainder of erythrocyte central enclosure. A, a, epidermis; b, bone; 
c, erythrocyte central enclosures 2. 1 * B,b ne erythrocyte central encl ir 2, obj. 16). 
C, erythr te remainders; b, erythrocyt« 6, obj. 4 


Fic. 34.—D. Bone in late stage of solidification with small remainders of hemorrhagic enclosure. a, outer 
bone layers; b, remainder of hemorrhagic enclosure. (Enlargement of Fig. 34 C.) 
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museum at Brussels, were seen similar symmetrical exostoses. These cases were 
diagnosed by him as ostitis deformans. Ten years later, on account of some further 
observation along the same subject and influenced by the work of Alamartine™, the 
same writer revised his early conception of the bone lesion and considered it to be 
identical with the so-called “osteo-arthopathia hypertrophiante” in man. Ball and 
Alamartine™ had observed a tubercular dog which had the same macroscopic and 
microscopic processes as those seen by Liénaux, and therefore it suggested itself 
to Liénaux” that the term “osteoarthropathy” would be better than “diffuse osteo- 
periostitis” or “ostitis deformans.” 


‘Lhe few cases described by Kitt and Lienaux show great analogies with 
my case. The processes, however, are not as far advanced in either case, 
and there are also differences in the ages of the dogs affected. The animal 
seen by Kitt was one year old; those reported on by Lienaux were all over 
ten years old when first seen. Aside from these minor differences, which 
also occur frequently in human patients, the cases are identical with mine so 
far as concerns the anatomical lesions of the bone system. 

In none of these cases a satisfactory clinical or causal explanation has 
been given; the tuberculosis in Ball and Alamartine’s case was an accidental 
complication, and they ail belong most probably to and should be classified as 
myositis ossificans progressiva of the dog. 

In order to arrive at a better understanding of the basic features of 
our malady, it appears advisable to me, before we enter into a discussion of 
the peculiar and specific characteristics of the progressive ossifying myos- 
itis, that we should now consider collectively all those traits it possesses in 
common with its near relative, the traumatic myositis ossificans and its 
experimental imitation. They all center around the pathologic anatomical 
structural pictures and bone-forming process; they are identical in appear- 
ance and modes of procedure in both affections. 

In fixing its place among the pathological entities it occurs at once that 
Virchow’s view of its being a multiple exostosis must be abandoned in spite 
of the master’s word, and the free growth conceded within the confines of 
the muscle and its surrounding connective tissue. 

We have the research work of many authors, including our own case, 
to establish the evidence of independent growth of bone tissue within 
the muscle bundles and their connective-tissue envelopings and dividing 
partitions. 

That question also as to the primary point of attack, still indicated by the 
name myositis, may be considered settled. Every observer who has excised 
a piece of the affected tissue at an early stage of the local pathological change 
has found the inter- and intramuscular connective tissue to be the primary 


” Alamartine: Ostéo-arthropathies hypertrophiantes d’origine tuberculeuse. Revue 
de chirurgie 35, 1907, p. 992. 

“Ball & Alamartine: Pathologie & Ostéo-arthropathie hypertrophiante d’origine 
tuberculeuse chez l'homme et chez le chien. Revue de chirurgie, 1908. 

“Liénaux: Remarque au sujet de la nature de l’ostéo-arthropathie hypertrophiante. 
Bull. de l’Académie Royale de Médecine de Belgique. 27 février, 1909. 
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seat of attack, even before my discovery of isolated bone-tissue in the 
skin removed the possibility of doubt. In both diseases the muscle fibres 
are the secondary sufferers and succumb only to the increasing pressure and 
embodying force of the growing ossification. While these two questions are 
easily absolved, we encounter a greater difficulty in order to arrive at a sat- 
isfactory result in establishing the manner and the identity of the bone-form- 
ing process. 

Although the oldest attempt to explain the heterotopic ossification by a 
metabolic retention of lime has been refuted by the exact modern investi- 
gations of both Burgerhout** and Austin®’, the fact that its presence as a local 
deposit is an essential condition for bone-formation continues to be valid. 
The truth of this assertion has been proven by the experimental work of 
Dibbelt** through calcium supply by way of the alimentary canal, and by 
hypodermic injection of 1 per cent. solution of chloride of calcium of Koga*’, 
this latter successfully repeated by Goto®. Many other authors confirm 
it by their observations on humans and point at the initial hemorrhage as the 
source of the calcium supply in spite of its rather low percentage in the 
blood. The idea of looking to the blood as the first cause of ossification, either 
as a direct irritant for its initiative stages or as a chemical one through its 
lime deposit, lies very close if one considers that in cases of traumatic ossi- 
fying myositis the first effect of the trauma is always a hemorrhage into the 
injured tissues. 

We may dispense in these cases with a serious consideration of the peri- 
osteal participation, as only the entirely severed and intramuscularly im- 
planted periosteum gives rise to a free bone-formation, whilst the flap always 
shows the new-formed bone in connection with the underlying skeletal bone, 
and it would be more than unreasonable to presume that the great majority 
of traumatisms responsible for a case of skeletal-free myositis ossificans 
tear off a piece of periosteum and transplant it into the adjoining muscular 
tissue. 

Many clinicians, as we have seen, were able to witness the growth of the 
newly-formed bone directly from the initial hemorrhage to the final extirpa- 
tion of the finished product. The well-known Schede blood-clot for the fill- 
ing of bone cavities has often served its purpose and the microscopical 
pictures of early stages of traumatic as well as progressive cases show 
so constantly the more or less well-preserved remnants of an infiltrating 
blood-extravasation close to or surrounding the various stages of ossifica- 
tion, from earliest connective-tissue hypertrophy and calcification to com- 
plete ossification, that the causative connection becomes irresistibly impres- 
sive. Such an impression, gradually rising to a firm conviction, I have also 
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gained from the study of my slides, and in their description and illustration 
I have tried to convey this conviction to my readers. The various anatomical 
regions show the progress of bone-formation on different paths; osteoblasts 
with a fibrous or cellular cartilaginous route in the intra- and intermuscular 
connective tissue to direct calcification and osseous growth in the hyper- 
trophic fibrous connective tissue of the skin, all starting from the primary 
blood clot. But with even the fullest admission of the blood’s causative 
ossifying action, we have moved but one step farther toward the solution 
of the mysterious problem. The question arises now, what are the determin- 
ing conditions to induce in some cases an ossification ‘after a subcutaneous 
tissue-invading hemorrhage, and in the vast majority of other similar trau- 
matic cases simply an uninteresting and uninterrupted ‘absorption ? 

In the description of my microscopical pictures I drew attention to a 
tissue zone surrounding a developing ossifying part, which zone refused to 
take the stain well, and with its peculiarly indistinct cell and tissue differen- 
tiation showed the unmistakable picture of ‘tissue-necrosis. 

A similar area, although not specially mentioned as such, may be seen 
in Goto’s microphotographs of his experimental myositis ossificans pro- 
duced by means of the chloride of calcium injections. 

This tissue-necrosis, following the initial hemorrhage, we believe to be 
another determining factor for the comparatively extremely rare sequel 
of ossification to muscular traumatism. This tissue-necrosis, as a prelimi- 
nary condition to calcification and later ossification, is mentioned by Rohmer™ 
in his description of bone-formation in focal endocarditic and endarteritic 
calcareous necrotic ulceration, of which latter Moenckeberg®? met with ten 
in 100 cases of senile arteriosclerosis. Pollak®* found that the ossification 
took place in all his cases around calcified necrotic foci in the lungs; and 
let us recall here that local calcifications of necrotic caseous foci are not infre- 
quently seen in old ulcerative pulmonary processes. 

Sacerdotti and Frattin™ produced ossification in secondary necrotic foci 
of the kidneys, the blood-vessels of which they had ligated, and thereby 
caused primary hemorrhages. Liek® obtained identical results. 

J. F. Poscharissky® examined heteroplastic osteogenesis in lungs, heart, 
blood-vessels, lymphatic glands, brain, eye, uterus, liver, thyroid gland, and 
always met with regressive metamorphosis (necrotic foci) as the primary 
incentive for calcification which was followed by ossification. He found 
that there exists a kind of an antagonism between the necrotic centre and 
the living periphery of the affected tissue nodule, which is being demon- 
strated by an effort of the connective tissue to enter into the necrotic centre, 


“Op. citat. 

@ Ueber Knochenbildgn. in d. Arterienwand. Virch. Arch., Bd. 167, 1902. 

“Op. citat. 

“Op. citat. 

*Experimenteller Beitrag. z. Frage d. heterogenen. Knochenbld Arch. f. kl. 
Chirurg., Bd. 80, p. 27 

* Beitraege (Ziegler’s) z. pathol. Anat. & allgem. Pathologie, Bd. xxxviii, p. 135. 
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shows a constant tendency to grow. He concludes that osteogenesis may occur 
in any organ of the human body if there exists a necrosis of the tissue, or 
at least a sclerosis so intense that it is interfering with the natural blood 
supply and accompanied by an incrustation with calcium salts. In all his 
ebservations Poscharissky never encountered the formation of cartilaginous 
tissue. 

A. Barth shows, in his experiments * on bone implantation, new growth 
of bone only took place after a soil of dead tissue had been provided for it 
and that** calcium favors rapid ossification. 

S. Ehrlich® holds that the iron when available (from hemorrhages) 
serves as a mordant for the calcium which is subsequently deposited. 

H. Gideon Wells® finds as a result of his own and others’ experiments 
that calcification, as the preliminary stage of pathologic ossification, takes 
place only in dead (necrotic) tissue or in such of low vitality and insufficient 
circulation. Physiologically, calcification in old age takes place also in ill- 
nourished tissue, like the laryngeal or costal cartilages. 

He gives the amount of calcium contained in blood (serum) of mammals 
as from 0.11 to 0.131 per cent.,"* about two to four times as much as is 
soluble in water. 

It may be seen that his conclusion is well supported by pathologic-ana- 
tomical evidence. The decision which of the two, the hemorrhage as calcium 
supplier, or the necrosis as the stimulating and receptive soil for calcification, 
is the more important for the final ossification, seems impossible to decide 
at present. 

Goto’s™ experiments on rabbits and guinca pigs, in producing intramuscu- 
lar hemorrhages by severe hammering of the quadriceps femoris never resulted 
in ossification ; the very early excision after the traumatism showed calcifica- 
tions of the torn muscular fibres amid the fresh hemorrhages; later excisions 
showed complete resorption of the hemorrhage and the destroyed tissue, in 
their stead simply a replacing connective-tissue hypertrophy. By the daily 
injections of 3 cm. of 1 per cent. chloride of lime solution into the quadri- 
ceps, continved for thirty consecutive days, bone-formation could be pro- 
duced. A shorter period, however (eight days), only showed conditions 
similar to the early traumatic pictures. An unbiased interpretation of these 
experiments stil! leaves open the question of the more important factor, lime 
or necrosis. The lime supply alone by blood extravasation does not seem 
sufficient to induce the entire range leading to ossification if a reparative 


" Beitraege (Ziegler’s) z. pathol. Anatomie & allgem. Pathol. 1895, Bd. xvii, p. 6s. 

* Ueber kstl. Erzeugg. v. Knochgew. & ueber d. Ziele d. Osteoplastik. Berl. kl. 
W., 206, p. 8. 

@ Eisen & Kalkimpregnation in menschlichen Geweben. Centralbl. f. allg. Patholo- 


gie, 1906, xvii. p. 177. 


"Calcification and Ossification. Archives of Internal Medicine, vol. vii, June, 


1911, No. 6, p. 721. 
"Op. cit. 
Op. cit. 
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process intervenes and resorption interrupts the progressive stages; is this 
reparation, however, prevented by a long continuance of lighter daily trau- 
matisms assisted by the constant addition of calcium supply, both carried on 
by the intramuscular injections of comparatively large quantities of calcium 
chloride solution, then bone formation is induced. 

The foregoing explanatory attempt, although valid for both the progres- 
sive as well as the traumatic ossifying myositis, only speaks for both after 
the occurrence of the initial hemorrhage. 

While the cause of this extravasation needs no further explanation in 
the traumatic form of myositis ossificans, a hemorrhage as forerunner to 
ossification in the progressive form seems as inexplicable as its constant 
association with microdactylia as a characteristic symptom. 

We have tried to lay the hemorrhage to a deficiency in coagulability 
of the patient’s blood, but the tests we made did not bear us out; coagu- 
lation occurred even ahead of the normal time, and the reason for the pre- 
cursory hemorrhage in myositis progressiva ossificans was not explained by 
any failure of proper coagulation. 

It seems, moreover, apparent that all the strange characteristics of this 
disease are more or less interdependent and might be treated as due to a 
common cause. It may be possible to advance our understanding of these 
connective features by examining the progressive ossifying myositis in 
comparison with other maladies that offer certain symptoms common to both. 

The feature of heredity in this disease has hitherto been treated as negli- 
gible, as in all formen compilations only one case (No. 70, Faughan and 
Fanning) of hereditary transmission of disease and deformity had been 
ascertained. We have found two more instances, one (No. 30) and (No. 
81) a case of Gaster, going through three successive generations, grand- 
father, father and three sons, with a selective preference for the male mem- 
bers of the families, who, besides being victims of the ossifications, showed, 
every one of them, the marked congenital finger and toe deformities. 

This deformity, brachydactylia, occurring independently, has engaged 
the attention of many writers and aroused great interest on account of certain 
embryological phylogenetic questions. Brachydactylia may be due to either 
the shortness of a metacarpal or metatarsal bone, or of one or more pha- 
langes, or of either combined, and it 'may be appropriate to differentiate them 
by calling the first brachydactylia, the second brachyphalangia and the third 
brachydactylphalangia or brachyphalangodactylia. 

The two views, as to the causes entering into the production of carpal 
deformities, are the exogenetic, mechanical, and the endogenetic, embryo- 
logical. The brilliant results of Tornier™, in experimentally producing 
various deformities of hyperdactylia in tritons and other animals possessing 
similar regenerative force, lent great support to the mechanical explanation 


"Ueber Hyperdaktylie Regeneration & Vererbung mit Experimenten. Arch. f. 
Entwicklgsmchk. d. Organismen. Bd. iii, 1896, p. 409. 
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of such deformities as hyper- and hypodactylia, syndactylia, etc., through 
the agency of amniotic bands and intra-uterine pressure. 

Even for brachydactylia a similar explanation was advanced upon the 
theory of localized pressure from projections of uterine walls, although a 
clear conception how such pressure could act in the human as to influence 
the growth of a single metacarpal bone has never been given. Far less pos- 
sible appears such a solution for symmetrical brachydactylia of one or more 
metacarpal bones, and we shall try and briefly give our reasons for rejecting 
this theory for brachydactylia, with which myositis ossificans progressiva is 
preéminently associated, and for claiming for this deformity an endogenetic 
cause. 

We know that the “anlage” of the carpus consists of three parallel 
tissue rays (gewebstralen) which divide again in several parts of which the 
radial (or relatively tibial) and medial continue into the first two fingers 
(toes) and of the ulnar (fibular) ray which traces its origin secondarily from 
the ulna (fibula), issuing lateral branches from the fourth and fifth fingers, 
also for the basal elements of the third finger. Thus we see at first the 
“ anlage ” of first and second fingers, later of the third and last of the fourth 
and fifth. We find a certain relationship in the extent of deformities accord- 
ing to this normal mode of development. 

The following references are only an approximately complete list of the 
literature of this deformity, and in order not to devote too much space to 
this section of my paper, the cases will be but briefly quoted: 

M. Leboucq™ mentions a case of bilateral symmetrical brachydactylia of all the 
fingers. 

E. W. Roughton™ demonstrated a case of brachydactylia of the right big toe 
in a 30-year-old man, and of the fourth toe on left foot. In the second case the 
brachydactylia affected the third, fourth and fifth toes of both feet. 

Julius Sternberg™ registered two cases; the first showed brachydactylia of both 
third fingers and both third toes; the second brachydactylia of both fifth toes. 

E. E. Goldman” describes a case of brachydactylia of the third, fourth and fifth 
fingers of the right hand, and of the fourth and fifth fingers only on the left hand. 
The same patient showed symmetrical brachydactylia of both fourth and fifth toes. 

L. Freund™ reports a brachydactylia of both fourth fingers of a young man. The 
distal epiphyses were shortened and atrophied. 

Rieder” mentions a man with an interesting case of combined brachydactylia of 


“ Brachydactylie et Hyperphalangie symétrique de I’Index et du Médicus Bulletin 
de lacadémie Royale de Médecine de Belgique. Tome x, No. 5, 1806, p. 345. (This 
case had been presented already to the Med. Soc. of Ghent by Dr. M. Colson in 1883 
and published in Pfitzner’s essay on this subject.) 

* Lancet, July 3, 1897. 

“Symmetrische Verkuerzg. d. 3t. Mittelhdknoch. Wiener klin. Wschrft. 1902, 
No. 41, p. 1060. 

"Beitrag. z. Lehr v. d. Missbldgn. d. Extrm. Beitraege z. klin. Chir., Bd. vii, 
1891, p. 239. 

"Die Brachydaktylie durch Metakarpalverkuerzung. Ztchrf. F. Heilkde. 1906, 
Abth. f. Chir. etc. Bd. xxvii, p. 129. 

"Ueber gleichzeitiges Vorkommen von Brachy- und Hyperphalangie a. d. Hand. 
Deutsch. Arch. f. klin. Med., Bd. 66, 1890, p. 330. 
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the fourth finger of the right hand and hyperphalangia (three phalanges) of the 
thumb of the same hand. The daughter of this man had syndactylia of the right 
hand and hypophalangia of all other extremities. 

Wagner™ published the case of a woman who showed a bilateral brachydactylia 
of the third and a unilateral of the fourth fingers. 

Hochheim™ adds the case of a woman 18 years old with a bilateral brachydactylia 
of the third, fourth and fifth fingers and a brachydactylia of third and fourth toes, 
with shortened distal epiphysis and an imperfect development in breadth. A brother 
had a brachydactylia of the fourth right toe. 

G. Joachimsthal*” communicates two cases from his experience. He observed a 
woman of 27 years with a bilateral brachydactylia of the fourth and fifth and a 
brachyphalangia of the second and third fingers, and two women of 29 and 22 years, 
sisters of the former, with the same deformities, although not quite so pronounced. 
The only brother is normal, but has a daughter 1 year old with the same defects, 
and a son of the older sister had the identical deformities. In the same article 
were the very interesting cases of a young man with a bilateral brachyphalangia 
(middle phalanx) of the second and fifth fingers, whose mother was equally afflicted ; 
a case of a girl 12 years old with a bilateral brachydactylia of the fifth finger, and 
of two women, 25 and 31 years old, each with bilateral brachydactylia of the fourth 
fingers. 

From Cerechellis Institute, Carlo Fossetti* reports an observation of a bilateral 
brachydactylia of the fourth finger in a woman of 28 years. The distal epiphyses of 
the fourth metacarpals were shortened and atrophied. 

Alfred Machol™ describes the following cases from the Breslau clinic: Girl 
17 years; brachydactylphalangia of the third finger of left hand. Besides a shorten- 
ing of the third metacarpal bone, there existed also one of the basal phalanx. 
The distal epiphyses of the third metacarpal and the proximal one of the basal 
phalanx are rarefied and atrophied and demonstrate the cause of the deformity. 

Woman of 34 years, shows a symmetrical brachydactylia of the fourth fingers 
and brachydactylia of the right fourth toe. The distal epiphysis of the fourth meta- 
carpus is round like a ball and sits squarely on the diaphysis. The osseous structures of 
both metacarpal phalanges are rarefied. 

A girl of 30 years with a unilateral brachydactylia of the fourth left toe. In 
this case also the osseous substance of the deformed toe is rarefied. 

A girl of 12 years had scarlatina when two years old, followed by a paresis and 
debility of the entire right leg. Circumference over entire leg about 2 cm. less 
than the correspondingly right side. Brachydactylia of fourth toe of same side, 
osseous substance atrophied. Also smallness and atrophic state of phalangeal 
epiphysis, which may, however, be attributed to the generally impaired nutrition of 
that leg. 

Boy 12 years old; poliomyelitis anterior when three years old. Pes varus sinister. 
Left foot slightly smaller than right. Brachydactylia of the fourth left toe. The 
osseous substance of left fourth metatarsus atrophic and bone-tissue rarefied. Distal 
epiphyses likewise compressed and squatty. 


” Beitrag zur Kenntniss der Brachydactylie. Fortschr a. d. Geb. d. Roentgensc. 
1903, Bd. vii, pp. 94-98. 

"Fall von Brachydaktylie. Fortschr. a. d. Geb. d. Roentgenstralen, 1904, Bd. vii, 
S. 273-76. 

“Die angeborenen Verbildungen der oberen Extremitaeten Ergaenzungs- 
heft 2 d. Fortschritte auf dem Geb. d. Roentgenstralen. Hamburg, 1900 

* Brachidattilia simmetrica della mano. La clinica chirurgica 1914, No. II, p. 239. 

* Mitteilungen a. d. Grenzgebieten d. Medizin & Chir. (Mikulicz Gedenkband) 
Jena, 1907, p. 712. 
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Faulhaben™ observed in a patient 22 years old symmetrical bilateral brachydac- 
tylia of the fourth and fifth fingers. 

Fontana and Vachelli* encountered a most interesting triplicate of cases con- 
cerning two sisters, 16 and 12 years old, each with bilateral brachydactylia of the 
fourth fingers, and their mother, who showed this deformity on the left side only. 
Another woman, who did not belong to this family, also had a brachydactylia of the 
left fourth finger. 

Lunghetti™ relates the case of a man 32 years old with brachydactylia of both 
third fingers and brachyphalangia of the middle phalanx of the fifth fingers. 

Kenyeres™ saw a man of 37 years with symmetrical brachydactylia of the fourth 
fingers. The terminal phalanx of the left thumb was also about one-third shorter 
than that of the other side. 

A. Mosenthal® describes (1) a brachydactylia of a young girl 20 years old 
affecting the fourth and fifth metacarpals of both hands (mother said to have had 
the same deformity), and showing a marked atrophy of these bones. (2) The cases 
of mother and daughter both with bilateral brachydactylia of the first metatarsus, with 
abduction of big toe (hallux varus). 

Erich Ebsten” communicates in the same article an observation of brachydactylia 
of the left ring-finger and another case of a brachyphalangia of all four fingers 
of the left hand caused by the shortening of the middle phalanges only. 

Similar cases of familiary heredity deformities of the fingers since the obser- 
vation with the X-ray are but few, Julius Drey™ had occasion to observe four 
generations of a family, the various members of which (thirteen normal, twelve 
defective) suffered from hypophalangia and digital synostosis. 

Rich Pott” enjoyed a similar opportunity of observing in pre-X-ray times unmis- 
takably hereditary defects in four successive generations. The members of this family, 
of which nine were normal, showed in five oblique nail phalanges of thumbs, three 
double end phalanges and three double entire thumbs (six complete fingers on each 
hand). 

H. Drinkwater” reports two cases of hereditary transmission of digital deformi- 
ties, members of both familes suffering from brachyphalangia. The deformity was 
caused in both families from an absence of the second phalangeal epiphysis, at the 
base only in one family, who showed in four generations twenty-six normal and 
twenty-one short-fingered members; the other in as many generations, with both 
epiphyses defective, had ten normal and nine short-fingered ones. This latter family 
was peculiarly interesting, as one of its normal married women had practiced illicit 
intercourse with a short-fingered man. She gave birth to one short-fingered son, who 


“Deutsche mediz. Wochenschr. 1904, p. 1454. 

“ Archiv. d. Ortoped. 1902. 

“Sopre un caso brachydattilia simmetrica della mano. Archivio di Ortopedia 
Febr. 1902, p. 52. 

“Fortschrite a. d. Geb. d. Roentgenstralen. Bd. ix, 1905-6, p. 351. 

“Eleventh German Orthopedic Cong. Einige Faelle v. Brachydactylie. Verhdign. 
d. deutsch. Ges. f. orthop. Chir. 1oth Congr. 1911, p. 36. 

“Zur Aetiologie d. Brachydaktylie. Mitthelign. a. d. Grenzgebieten d. Mediz. und 
Chir. Bd. 21, 1910, p. 531. 

“Hereditaere Brachydaktylie kombinirt mit Ankylose einzelner Fingergelenke. 
Festschrift gewidmet M. Kassowitz, p. 34, Berl., Julius Springen. 

“Ein Beitrag. z. d. symmetr. Missbildgn. d. Finger & Zehen. Jhrbch. f. Kin- 
derhlkde, Bd. xxi. 

“ Account of Family showing Minor Brachydactylia. Journal of Genetics, vol. ii, 
Pp. 21, 1912-13, p. 21. 
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in his turn was the ancestor of all the other short-fingered progeny, so that in this 
family the hereditary defect was limited to the side-issue of the hired man. 

Philip W. Mathews” had the extremely rare opportunity to observe a hereditary 
true brachydactylia through five generations. All the afflicted members had short- 
ening of the third, fourth and fifth fingers on both hands, with broadening of the 
third phalanx of both fourth fingers. 

Mario Bertolotti® gives another very remarkable report of three generations 
of a brachydactylic family, with ten out of a total of fifteen members showing a 
brachydactylia of the third fingers; he enters into the developmental history of 
the metacarpal bones and refers to Meckel, who came to the conclusion that the 
first metacarpal, judging by its location and peculiar service, and especially owing 
to its mode of ossification (being the only one of the metacarpal bones which has 
its epiphysial nucleus like all the phalanges on the proximal side), should be con- 
sidered the first phalanx of the thumb. Radiography shows that at times one 
encounters in boys from § to 15 years an accessory nucleus on the distal side besides 
the old classical proximal. 

Ludwig Freund” published the first of such cases and showed that in about 24 
to 30 per cent. an additional distal special epiphysiary nucleus to the usual proximal 
one in the first metacarpal (also the first metatarsal in myositis ossificans progressiva) 
may be seen. He also found an occasional extra proximal nucleus in the second and 
fifth (in our case in the fourth) and that the atrophic character of such nucleus 
formation shows a regressive anatomical variation. 

According to Dubreuil-Chambardel” this ossifyng nucleus in a distal epiphysis 
of the first metacarpal was present in eighty-two cases out of a total of 240 X-ray 
examinations. It commenced to appear in the third year and the complete ossifica- 
tion was reached at about the thirteenth or fourteenth year. 

Freund” has observed the accessory variation now and then on the proximal 
side of the second, and, even more rarely, of the fifth metacarpal bone. These men 
all believe that the choice of epiphysial nuclei of the metacarpal bones depends upon 
their separate physiological functions. Therefore the proximal site in the first meta- 
carpal depends upon the adaptation of this metapodical process to the functions of 
the thumb. To support this hypothesis Bailleul” as well as Dubreuil-Chambardel 
have each published a radiograph of a case of a triphalangeal thumb, where the 
first metacarpal showed its nucleus of ossification only on the distal side. 

According to Koehler™, however, this anomaly represents a certain regressive 
type met with in the cetacez and other water-mammals, where the thumb and big 
toe have two epiphysial ossifying nuclei. He also quotes Henle as having demon- 
strated from comparative anatomy that the metacarpal bones had originally two 
nuclear epiphyses at the same stage of development, a proximal and distal one, 
although with the human the rule is the distal one for the four last and the 
proximal one for the first metacarpal. Cruveilhier and Gegenbaur hold the same 
opinion. They draw attention to the curious anatomical conformation of certain 


* A Case of Hereditary Brachydactylia. Brit. Med. Journ., Oct. 31, 1908, p. 960. 
* Contributi radiolog. allo studio della sciluppo osteogenetico dei metacarpei. La 
Radiologia medica. Marzo, 1915, vol. ii, Fasc. 3, p. 105. 

“Ueber Pseudoepiphysen. Ztschrft. f. Morphologie & Anthropologie, vol. viii, 
1905, p. 87. 

“Sur le development du premier rayon digital; Gazette medicale du Centre, 
p. 288, 1913. 

* Op. cit. 

” Ossification du Ir metacarpein. Societe de Biologie. March, rorr. 

* Volizaehlige proximale metakarpale Epiphysen. Fortschr. a. d. Geb. der 
Roentgenst, vol. xix, p. 279, 1912-13. 
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cetacex, balaenidz and sureniz, who present double epiphyses of the four last meta- 
carpal and an evident trace of an additional distal epiphysis in the first. 

Freund™ confirmed these statements by his own investigations of various cetacez. 
A double epipyhsial nucleus in human metacarpals appears, therefore, in the light 
of a reversive type or mongolism. 

Koehler™, who advocates this view, supports it with the report of a unique 
case in medical literature. A patient 12 years old, suffering from infantile myxcedema, 
showed, in the X-ray picture of his hand, a development of his carpal bones corre- 
sponding to that of a child of three to four years, and all the epiphysial nuclei of 
his five metacarpal bones were on the proximal side. 

Rertolotti supplements this with a radiographic discovery in the course of 
examination of his above-mentioned family. He found the brachydactylic members 
showing pseudo-epiphysial basal nuclei of their second metacarpal bones. 


We cannot close this discussion of functional adaptation of nuclei of 
ossification with regard to the first metacarpal bone without adding here an 
observation pointing apparently to the opposite direction. W. Rieder’’® 
published the case of a family of eight persons in its third generation, show- 
ing bilateral hyperphalangia of thumbs (first metacarpal and three pha- 
langes). They were father, 45 years old; daughter, 19 years old (first mar- 
riage), and her two daughters, 12 and 11 years; also her son, 4 years old, 
all three from her second marriage. 

This array of facts refutes, we believe, conclusively any attempt to 
explain the presence of brachydactylia from exogenic causes, either by 
amniotic bands or intra-uterine pressure. The overwhelming evidence of 
the hitherto unused material of myositis ossificans progressiva, showing in 
practically every true case the accompanying feature of symmetrical brachy- 
dactylia of fingers, toes or both, does not seem necessary to prove that 
defects in the primary “ anlage ” must be held responsible for this deformity ; 
a view which Burgerhout*’* expresses very strongly in his dissertation. 

We cannot enter here into the more subtle questions of mongolism or 
atavism, which present many tempting reasons for discussion, but stand 
firmly for the adoption of primary endogenic developmental causes for 
brachydactylia. To this extent we may expect now to clear the way for a 
possible later answer to the ever-open question for final causes. Even to the 
location for the embryonic layer which had been charged with the formative 
fault—our case furnishes a new aspect. Rolleston*® as well as Morley, 
Fletcher’®* and others are united in singling out the mesoblast as the culprit, 
Rolleston calling it the skeletal layer with its subdivision of the muscular. 
My case shows bone-formation also in the skin and draws for the first time 
this outer layer into participation of the pathological process. As our present 

™ Op. cit. 

*? Op. cit. 

* Eine Familie mit dreigliedrigen Daumen. Zeitschr. f. Morphologie und Anthro- 
pologie. 1900, p. 177. 

™ Op. cit. 

™ Op. cit. 

* Op. cit. 
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views do not sanction the strict division of embryological layers as the exclu- 
sive formative agents of distinct types of tissue, it may perhaps be surmised 
that the pathogenetic cause exerts its influence at a very early period of 
embryonic life, before any distinct differentiation has begun. 

We believe a similar origin may be claimed for the osteogenetic hemor- 
rhages. In my series of microscopical pictures a gradual progression is 
shown from the primary hemorrhage into the corium to the osseous growth 
by either the fibrocellular or hyaline cartilaginous or the osteoblastic route 
to the final development into bone tissue. So clear is this progress that in 
some places the pictures appear to indicate a direct metamorphosis of the 
erythrocytes into the fusiform osteogenetic cells (fibroblasts). The entire 
course of events from primary hemorrhage to finished bone lies illustrated be 
fore our eyes, but we want to know the reason for these small hemorrhages 
and here we have to recur to the endogenetic fault, in the “anlage” and 
have it extended to the capillary and minor peripheral blood-vessels. 

The same developmental disturbances may, on account of the identity 
or close proximity of the basic tissue for both, easily affect the vascular 
together with the skeletal systems. The fingers or toes present, as endings 
of the skeletal system, anatomically similar relations, as the smallest blood- 
vessels and capillaries, as the last endings of the vascular system, in the 
integumental parts. A defective wall-construction of these two may account 
for a considerably lessened resistance in the integumental tissue, skin and 
muscular, to slightest traumatism, or variation of blood-pressure, and a 
consequential easy rupture with resultant circumscribed hemorrhages. Thus 
an acceptance of the theory of a simultaneous “anlage-defect” in the 
vascular as well as in the skeletal system may give us a better understanding 
for the causes underlying the early stages of the bone-forming process in 
this disease, which our microscopic sections so fully illustrate. We shall 
not go any farther in our explanatory attempts and refuse to go “ a’sailing 
upon unknown seas” with Maunz’®’, who, endeavoring to explain his views 
of formation of bone, asserts that with the anlage of the muscular system 
and the osseous skeleton, embryonic osteoblastic tissue-germs have been 
wandering about and deposited in such places of the muscular connective 
tissue, tendons and fasciz, where later the osseous formations start. Nor 
shall we enter into a discussion with the other theorists, such as Goeschen™, 
who, after referring to the peculiar calcium metabolism (?) of the myositis 
ossificans patients as stimulating the ossifying process, finally adds: “Up 
to date the acceptance of a disposition to such ossification cannot be entirely 
dispensed with.” While we have offered a tentative explanation of the 
pathological anatomical development in line with the microscopical pic- 
tures, we must admit our complete ignorance of its more remote causes. 

The therapeutic part of our theme is very brief. In the early period 


** Op. cit. 
* Ueber Histologie & Pathogenese der circumscripten Muskelverknoechrg. (Jena 
1913. Gustav Fischer.) 
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of its history, the disease was attacked with all sorts of remedies, alteratives, 
solvents for calcium supposedly retained in the system by faulty metabolism, 
the inevitable iodide of potassium, etc.; every one of them with more or less 
marked success observed solely by its original author but pronounced a com- 
plete failure by every other follower. The favorable result of thiosinamine 
injections reported by Boseck’”* has never been achieved by anyone else; 
moreover, his alleged case of myositis ossificans progressiva lacks every 
convincing feature of deserving such classification. In myositis ossificans 
traumatica Aizner™, Nicolai’ and Grosskurth™* have reported favorable 
action of the same drug (fibrolysin). This disease, however, disappeared 
often spontaneously, so the therapeutic effect should not be unreservedly 
endorsed. Lately Nové-Josserand and René Horand"* have earnestly rec- 
ommended an X-ray treatment for the progressive form. They report excel- 
lent results in their case by a series of twenty-six treatments, all below five 
Holzknecht. I had the abdomen of my case treated in this way without the 
least effect, except perhaps to stimulate new growths. 
In summing up, the conclusions of this treatise are as follows: 


CONCLUSIONS 


1. Myositis ossificans progressiva is a misnomer for a pathological pro- 
cess of atopic ossification starting primarily in the connective tissue of the 
exoskeleton and involves in its further progress the tissues of the endo- 
skeleton. It would better be named fibrocellulitis ossificans progressiva. The 
disease nearly always commences at an early period of life and shows as 
additional characteristic symptoms a microdactylia of fingers and toes, and 
in some cases a more or less pronounced degree of infantilism. 

2. Similar to the primary hemorrhage of the traumatic myositis ossificans, 
the introductory feature of the pathological process in the progressive form 
is an initial intercellular capillary hemorrhage which starts the growth of 
newly-formed connective tissue surrounding the hemorrhagic extravasation 
without any previous hypertrophy of the adjacent connective tissue. 

3. Calcification and ossification take place at first at the newly-formed 
connective-tissue strands encircling the hemorrhagic mass, and with few 
exceptions from within outward. 

4. There is an apparent active participation of the enclosed erythro- 
cytes in the bone-formation ; they change their round form to a spindle-cell 
shape and seem to become nucleated as they approach the osteogenetic edge 
of the encircling ring and merge into its substance. 

5. The microdactylia has an endogenetic origin and is the result of an 
“anlage” defect of the carpal and tarsal tissue rays (“ gewebsstralen”’), 


mediz. Wechschr., 1906. p. 2350. 
™° Muench, mediz. Wochschr., vol. lvi, part 1, p. 756. 
™ Deutsche militaeraerztl. Zeitschr., Heft 18, 1907. 
™ Deutsche militaeraerztl. Zeitschr., Heft 18, 1908. 
™* Op. cit. 
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causing thereby an imperfect development of the last endings of the extremi- 
ties in one part or other. 

6. The initial hemorrhage is probably due to a similar cause affecting 
the integrity of the last endings of the vascular system, the capillaries, from 
where the hemorrhage starts. 

7. The calcification and consequent ossification of the newly-formed con- 
nective tissue is due directly and indirectly to the primary hemorrhage. 
The hemorrhagic effusion with its calcium content starts the first deposit of 
lime and indirectly stimulates its continuation by a nutritive impairment of 
the surrounding tissue from pressure of the extravasation. 

8. Investigations made under scientifically correct premises show there 
is no reason for believing in a diminished calcium excretion or a calcium 
retention in this disease. 

9. No therapeutic measures against the products or the progress of the 
disease have proven of any value. 

An agreeable duty has vet to be discharged. My heartiest thanks are due 
Miss Ophuls and Mrs. Hurwitz, the librarians of the Lane and U. C. 
Libraries, for their untiring help in providing the literature from their own 
and the Surgeon Genera!’s library; to Doctor Israel, from the latter institu- 
tion, for the translation of the Slavic papers ; and to Mr. Ginsburg, the roent- 
genologist of the Mt. Zion Hospital, for his patient and indefatigable photo- 
graphic work. 
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THE DANGERS OF UTERINE CURETTAGE* 
By W. A. Lincoun, M.D., F.A.C.S. (Ena.) 


or_Cauoary, ALBERTA 


THE curet, in the shape of a scoop, was first invented and used by 
Récamier in about 1845. The sharp curet was introduced by J. Marion Sims 
in 1865, and the dull curet by T. Gaillard Thomas in 1880. Since its intro- 
duction it has been very universally accepted in the surgeon’s armamen- 
tarium and used with the greatest freedom, the most accepted rule of con- 
duct being “when in doubt curette,” more especially as the pathologist 
offered moral support in the shape of a beautiful classificatiom of the uterine 
scrapings into glandular and interstitial endometritis, one or other of these 
conditions being practically always found, or in case it was not very distinc- 
tive, it was called a “ mixed condition,” both elements being present. A nice 
symptomatology was built up around these all the way from amenorrheea, 
dysmenorrheea, metrorrhagia, menorrhagia, or any other kind of a discharge, 
to general symptoms of lassitude, headache, backache or any other ache 
almost anywhere. In case some women might be missed out, it was 
stated that it might be present without any symptoms whatever. Given a 
curet and a woman, the old-time gynzcologist would always find endometritis. 
In 1908 Alder and Hitschman* demonstrated that what has been classified 
as endometritis was really nothing more than stages in the usual menstrual 
cycle, the premenstrual stage corresponding to the old glandular endo- 
metritis, and the postmenstrual stage to the old interstitial endometritis, 
neither of which was pathological. Cullen, in the examination of a great 
many specimens, has demonstrated that endometritis is really a very rare 
disease. It has also been shown that where endometritis really exists hemor- 
rhage is not a symptom.? Furthermore, uterine hemorrhage is rarely cured 
by a curettage. DPusse collected five hundred cases so treated, and only found 
benefit in 10 per cent. Thus we have had to forget all we were taught about 
endometritis and start over again. But old ideas die hard, and even in some 
fairly modern textbooks you will still find a good deal about endometritis, 
while the average practitioner clings to his curet with the fondness of an 
old friend. Were it only ineffectual as a remedial agent not much serious 
harm would result, but that it is fraught with grave dangers has been long 
recognized. In puerperal infections many deaths have been laid to its door. 
The dangers in this condition have been so emphasized that happily it has 
now been pretty well abandoned, but it would seem that its dangers in other 
conditions have not been sufficiently emphasized. A. P. Heineck ® collected 
and analyzed 160 cases of perforation of the uterus occurring during the 
course of intra-uterine instrumentation, while Schweetzer* from 1911 to 


* Read before the Alberta Medical Association, Edmonton, September 26, 1918. 
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1915 was able to find 105 cases reported in the German literature, with a 
mortality of 25 percent. I am sure that these figures do not give an accurate 
estimate of the extent of accidents following the use of this instrument. The 
successes find their way into the medical literature, the failures are silently 
buried—sometimes underground. In addition to dangers of rupture, dangers 
of sepsis and hemorrhage are of considerable importance. In order to get 
some idea of the difficulties being encountered I sent a circular letter to some 
of the men practising in this province, and from 24 men received the follow- 
ing 43 unreported cases with 11 deaths—a mortality of about 25 per cent. 
The names of some of the doctors are omitted by request. 

I. Cases of Hemorrhage.—This I believe is a fairly common complication. 
I am reporting five of the more severe cases with three deaths, although I 
have other case reports, and I am sure nearly everyone has seen cases of severe 
hemorrhage, which ultimately recovered. 


Case I.—Multipara, aged twenty-eight years, confined two weeks 
previously by a midwife. Had some brownish discharge, a temperature 
of ror, and a pulse of 120. Some pain and tenderness over the lower 
abdomen. Curetted and some pieces of placenta brought away. Hemor- 
rhage became very profuse and uncontrollable, and the patient died soon 
after being returned to her bed. 

Case II.—Multipara, aged twenty-eight, two and one-half months 
pregnant. Incomplete abortion, for which a curettage was performed. 
Particles of placenta removed and considerable hemorrhage encoun- 
tered, but seemed to be controlled. Surgeon and anesthetist had left 
the patient, when she again began to flow, and died before help could 
be obtained. 

Case III.—Primipara, aged twenty-three, pernicious vomiting, for 
which the patient was curetted. Much hemorrhage was encountered 
and the patient died six hours later. It is possible that acidosis had 
some influence in this case, but the attending surgeon is of the opinion 
that the hemorrhage was the cause of death. 

Case 1V.—Reported by Dr. E. Hobart Reed, Calgary. Multipara, 
aged thirty-five years, very severe hemorrhage following each confine- 
ment. Incomplete abortion at two and a half months. Os found dilated, 
and in attempting to remove placenta very severe hemorrhage was en- 
countered. Uterus had to be packed to save patient’s life. Eventually 
she recovered, and at a later date had a resection of the tubes. 

Case V.—Reported by Dr. E. A. Garner, Fernie, B. C. Miscar- 
riage at four months and was having considerable hemorrhage, curetted 
by the attending physician, who encountered severe hemorrhage and 
packed the uterus. Five days later she had another very severe hemor- 
rhage, and was curetted without an anesthetic. Condition very low, but 
she eventually recovered. 


Il. Cases of Sepsis—This may be introduced, but more commonly is 
present, perhaps in a mild form, and is lighted up by the curettage. A curet- 
tage in puerperal infections is particularly fatal, and I believe at present 
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very rarely done, although I quote one case. I have other reports of mild 
infections following this operation, but only report eight of the most 
severe, with three deaths. 


Case V1I.—Primipara, aged thirty years, difficult labor. Rise of tem- 
perature on the fourth day with some odor to the discharge. Patient 
anzesthetized and curetted, following which she had a chill and very 
severe septic symptoms from which she died about ten days later. 

Case VII.—Reported by Dr. E. S. Garner, Fernie, B.C. Mrs. L., 
three months pregnant, miscarriage two days previously. Temperature 
100, pulse 130. Curetted by the attending physician, with the removal 
of a small amount of placental tissue. Patient ran a septic temperature 
for about a week, when an abscess was evacuated from the pouch of 
Douglas. Patient eventually recovered. 

Case VIII.—Multipara, aged thirty-two years, two and one-half 
months pregnant. Pain and irregular hemorrhage for a week, after 
which she was curetted; three days later she took a severe pain with 
a chill and a rise of temperature to 104 and pulse to 130. She con- 
tinued to run a septic temperature for some days, when about a pint of 
pus was evacuated from the pouch of Douglas, after which she made 
a good recovery. 

Case I[X.—Multipara, aged twenty-seven years, normal confine- 
ment with a somewhat slow recovery, after getting about continued 
to have a bloody discharge. Curettage done by the attending physician, 
at. which a moderate amount of blood was lost, and shortly afterwards 
she had a very severe hemorrhage, became blanched, pulseless, and 
nearly died. A few hours later she had a severe chill, and temperature 
rose to 104. She continued very ill with a severe septicemia for sev- 
eral months, but eventually recovered. 

Case X.—Primipara, aged thirty years; three months pregnant, 
symptoms of an incomplete abortion, with a temperature of 102; curetted 
and particles of piacenta removed. Developed a pelvic cellulitis and ran 
a temperature for several weeks. Later she developed a subphrenic 
abscess, which was opened, and the patient recovered after being ill for 
four months. 

Case XI.—Multipara, aged thirty years ; miscarried at three months. 
Twice curetted by the family doctor. Ran a high temperature and 
looked very ill. Uterus explored and particles of placenta found to be 
still present. Streptococci found in the blood. Patient died about a 
week later. 

Case XII.—-Multipara, aged thirty-seven years ; badly lacerated cer- 
vix, two months pregnant ; self-induced abortion. Chill and a tempera- 
ture of 104; under rest this subsided, but returned later, and the patient 
was curetted by another doctor. She then developed a typical septi- 
cemia and died in about a week’s time. 

Case XIII.—Primipara, aged twenty-four years; normal labor. 
Temperature rose to 104 on the fourth day; light curettage performed, 
after which she ran a normal temperature for two weeks ; temperature 
then rose to 102, together with severe abdominal pains. The abdomen 
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was opened and an abscess found in the outer wall of fundus of the 
uterus, which had ruptured into the peritoneal cavity. This was drained 
and the patient made a good recovery. 


III. Cases of Rupture—lI have collected twenty-seven of these cases, 
with four deaths. Rupture may be of the cervix, the body or the fundus, 
and may be made by dilators, sound, or curet. 


Case XIV.—Reported by Dr. J. H. Gillespie, Picher Creek, Alta. 
Primipara, aged twenty-six years, with a badly ruptured cervix, where 
a curettage had been previously performed for sterility. The operation 
did not produce the desired effect, but instead gave the patient a lot 
of new trouble. I have other cases where the cervix has been badly 
lacerated, but the results are usually not serious, and I merely quote this 
one as an example. 

Case XV.—Multipara, aged thirty-five years; miscarriage, probably 
induced, some sepsis present. Curetted with a blunt curet. Uterus 
perforated and a piece of bowel brought out. This was pushed back 
and the cavity of the uterus packed with iodoform gauze. Patient 
recovered in about two weeks. 

Case XVI.—Multipara, aged thirty-five years; miscarriage. Some 
signs of sepsis present. Curetted with a dull curet. Uterus perforated 
and a piece of bowel brought out, replaced, and the cavity of the uterus 
packed with iodoform gauze. Recovered in about four weeks. 

Case XVII.—Reported by Dr. C. W. Holmes, Edmonton. Multi- 
para, aged twenty-six years. History of irregular bleeding for three 
months, miscarriage taking place at the fourth month. Large amount 
of placenta removed with the curet, when with no undue force the 
uterus was perforated. There was no sign of undue hemorrhage and 
as conditions were unfavorable for abdominal section, patient was left 
and no ill result followed. 

Case X VIII.—Reported by Dr. T. M. Campbell, Lethbridge. Mul- 
tipara, aged forty-four years. Nota very robust woman, but not suffer- 
ing from any organic disease. Two months pregnant. Had had a dark 
bloody discharge for a month. Temperature 99.8. Uterus large, soft 
and flabby, with a patulous os from which issued a dark foul dis- 
charge. Patient was curetted, every aseptic precaution being taken, 
but inside of a week the patient died of septic peritonitis. 

Case XIX.—Reported by Dr. J. E. Lovering, Lethbridge, Alta. 
Multipara, aged thirty-three years; two months pregnant. Stated that 
another woman had passed an instrument on her. She was flowing 
profusely, but no temperature. A curettage was done and a large 
amount of débris removed. With no undue force the curet suddenly 
passed into the abdomen. The abdomen was immediately opened and a 
rupture found on the right side of the fundus, which was repaired. 
Appendix and a right ovarian cyst removed. Gall-stones were found 
and removed by a separate incision. Patient was in a critical condition 
for several days, but then made a good recovery. Dr. Lovering is of 
the opinion that the rupture must have been made during the attempted 
abortion, as he used very little force in his manipulations. 
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Case XX.—Reported by Dr. W. S. Galbraith, Lethbridge. Case 
that was prepared for an abdominal operation, a curettage being done 
as a preliminary procedure. At the subsequent operation the rupture 
was repaired with no ill effect. 

Case XXI.—Reported by Dr. W. S. Galbraith, Lethbridge. Where 
he operated upon a case 100 miles from home, which proved to be an 
ectopic, and in which the local doctor had curetted and perforated 
the uterus. There was also a severe infection present, and the patient 
subsequently died. 

Cases XXII and XXIII.—Dr. F. W. Gershaw, Medicine Hat, re- 
ports that in two cases he has perforated the uterus with a curet, but 
in each case he had planned to do an abdominal operation when the rent 
was repaired, with no serious after effects. 

Case XXIV.—Dr. J. S. McLeod, Medicine Hat, reports that while 
an interne in an American hospital and doing his first curettage under 
the direction of the chief surgeon, in a case where the uterus was sub- 
involuted and friable, a sharp curet was used with considerable care, 
and suddenly, without any undue force, the uterus was perforated. 
Abdominal section immediately performed and a rupture found on the 
anterior wall of the uterus, which was repaired, and the patient made 
a good recovery. 

Cases XXV and XXVI.—Dr. C. E. Smyth, Medicine Hat, reports 
that he has seen two instances of rupture of the uterus during curet- 
tage. In both instances the abdomen was opened and the rupture 
repaired, with no resulting ill effects. 

Case XX VII.—Multipara. Profuse menstruation and some bleeding 
between periods. Anzsthetized and the sound passed to explore the 
interior of the uterus, and this with no undue force passed into the ab- 
dominal cavity. No further manipulation was carried out, and the 
patient made a good recovery. 

Case XXVIII.—Multipara, two and one-half months pregnant. 
Flowing for several days. Anesthetized and os dilated with heavy 
dilators. Placenta forceps inserted and a piece of bowel brought out. 
This was pushed back and the abdomen immediately opened and a large 
rent found in the anterior wall of the uterus. This was repaired and 
the patient made a good recovery. 

Case XXIX.—Curettage on a multipara for irregular hemorrhage. 
Large dilator used, and this seemed to enter in a forward direction. 
On investigation it was found that the front wall of the uterus had 
been ruptured. Patient was put to bed, but had extreme pain, vomiting 
and a rising pulse-rate. Abdomen was then opened and a rent in the 
anterior wall of the uterus repaired. Drainage inserted and the patient 
made a good recovery. 

Case XXX.—Multipara,a German woman with a large, flabby uterus, 
perforated by a curet with very slight force. Abdomen immediately 
opened and the rupture repaired. Patient made a good recovery. 

Case XXXI.—This case’was witnessed by the reporter in a foreign 
clinic, where a professor with an international reputation was demon- 
strating a special dilator, which goes by his name, when the cervix and 
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anterior wall of the uterus was badly ruptured, resulting in a profuse 
hemorrhage and death of the patient. 

Case XXXII.—Reported by Dr. J. S. Wright, Edmonton. Multi- 
para, aged thirty-two years. History of five miscarriages. Endome- 
tritis with purulent discharge. Dilated and curetted with a moderately 
sharp curet and with no undue force. Curet seemed to pass to an un- 
usual depth. Irrigation instituted and the fluid did not return. Again 
explored and rupture located. Abdomen immediately opened and rup- 
ture repaired. Patient made a good recovery. 

Case XXXIII.—Aged thirty-five years, no living children, but re- 
peated miscarriages. Was three months pregnant. Complained of a 
purulent, blood-stained discharge present for a week. Dilated with 
difficulty, and a macerated mass removed with the dressing forceps. 
Uterus foul and soft, so that curet passed through without knowledge. 
Patient died four hours later, and the post-mortem examination showed 
a softened uterine wall with a rupture on the right side involving the 
uterine artery. Syphilitic nodes were found throughout the body. 

Case XXXIV.—Reported by Dr. J. W. Auld, Calgary. Multipara, 
aged thirty-four years. Abortion at three months a short time pre- 
viously. Double salpingitis, for which the patient was prepared for 
operation ; preliminary curettage with a sharp curet. Without undue 
force fundus of the uterus was perforated. At the abdominal operation 
the tubes and uterus were removed, and the patient made a good 
recovery. 

Case XXX V.—Primipara, dilated and curetted for dysmenorrhcea. 
Sound passed through the anterior wall of the cervix instead of through 
the internal os; this was followed by dilators, and it was then found 
that rupture had taken place. Packed with iodoform gauze, and the 
patient made a good recovery. 

CasE XXXVI.—Multipara, aged thirty years. Not pregnant, Ir- 
regular bloody discharge, and the patient thought she was pregnant, 
and passed an instrument upon herself. A few days later patient was 
anzsthetized and sound passed without any obstruction. Large dilator 
inserted into the same passage and dilated. Forceps inserted and a 
piece of bowel brought out. Abdomen immediately opened and a rup- 
ture found in the posterior wall of the uterus. This was repaired and 
the patient made a good recovery. Surgeon in charge was of the opin- 
ion that the rupture must have been made by the woman. 

Case XXXVII.—Multipara, aged thirty-seven years; two months 
pregnant ; had been flowing for a month. Uncertain whether the foetus 
and placenta had been expelled. Anzsthetized, and the sound passed. 
This without any undue force perforated the uterus. Packing inserted, 
and patient made a good recovery. 

Case XXXVIII.—Multipara, aged thirty-three years. Two and 
one-half months pregnant. Admitted having passed an instrument some 
time previously, and was flowing freely. Dilated, and pieces of placenta 
removed. When finally exploring with a dressing forceps a piece of 
bowel was brought out. This was returned and the uterus packed. 
The patient made a good recovery. The surgeon in charge is strongly 
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of the opinion that the rupture must have been made by the woman 
herself. 

Case XXXIX.—Multipara, aged thirty-eight years. History of an 
abscess with purulent discharge after the second child. Miscarried 
at the second month. Os dilated with graduated dilators, and the direc- 
tion of these did not seem to be correct. An investigation showed that 
the posterior wall of the cervix had been ruptured and the instruments 
were passing up into the abdominal cavity. Packing was inserted and 
the patient made a good recovery. 

Case XL.—That late results may follow rupture is shown by the 
report of a case by Dr. E. W. Allin, Edmonton, where intestinal ob- 
struction followed an old rupture of the uterus. 


Many men reported that they were positive the rupture must have been 
previously produced, as they used so little force, yet I saw some of these 
cases and they did not suffer from any vomiting or abdominal pain previous 
to the operation, and the rupture when repaired was recent. I am of the 
opinion that it should rather indicate how easy it is to produce a rupture. 
The treatment of this condition when produced should depend upon the cir- 
cumstances. If the case is clean and the rupture a small one it is better 
to leave it alone and no ill results will foliow. If, on the other hand, the rup- 
ture is large, or if there be sepsis, the abdomen should be immediately opened 
and the condition rectified. 

IV. Cases of Curettage in Pernicious V omiting—Here the result may 
be largely due to the underlying disease, but the curet may be an added 
factor, and is extremely dangerous, as the following cases demonstrate. 


Case XLI.—Reported by Dr. C. U. Holmes, Edmonton. Primi- 
para, aged twenty-four years. Six weeks pregnant. Developed vomit- 
ing of a pernicious type and lost 40 pounds under treatment. After 
consultation patient was curetted. She came out of the anesthetic, but 
the pulse remained weak, and she died 12 hours later. 

Case XLII.—Also reported by Dr. Holmes. Primipara, once pre- 
viously curetted for pernicious vomiting. Again curetted for the same 
condition. Collapsed at the beginning of the anesthetic, but picked up 
and the operation completed. Patient recovered. 


These cases are undoubtedly due to acidosis, but the added burden of 
an anesthetic and the use of the curet is often sufficient to endanger their 
lives. 

A curettage may be carried out when it is indicated, and yet fail to 
produce the desired result, as the following case will show: 


Case XLIII.—Primipara. Two and one-half months pregnant, 
threatened abortion, and it was not known whether or not the fcetus 
had come away. Curetted and placenta brought away. Irrigated and 
the patient returned to bed. The next day a foetus was passed which 
had escaped the curet. This could not have occurred if the finger or 
placenta forceps had been properly used. 
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Thus it is plain that quite a formidable list of accidents with a high death- 
rate is easily compiled. While some of the bad results may have been attri- 
buted to the underlying disease, the curet has to bear the principal blame. 
My object in reporting these cases is to again emphasize that any intra- 
uterine instrumentation is a dangerous procedure. The indications for such 
work practically narrow down to the removal of some products of conception 
or of bits of tissue for microscopic examination, and even here it is probably 
better to use the finger or placental forceps in the first instance, and it is 
somewhat doubtful whether the latter procedure is justifiable unless pre- 
pared for immediate removal. A curettage is a major operation not to be 
undertaken except under the very best conditions, and with every possible 
precaution, by a careful and skilful surgeon. 

My thanks are due to the colleagues who so kindly placed their notes 
at my disposal. 
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SURGICAL TECHNIC IN ORTHOPADIC SURGERY* 
By Water G. Etmer, M.D., 


or PHILADELPHIA 
INSTRUCTOR IN ORTHOP ZDIC SURGERY IN THE UNIVERSITY OF PENNSYLVANIA 


OrTHOPZDIC surgery makes peculiar demands upon us in regard to 
surgical technic. The operations, if they are to be successful, must be 
carried out in an aseptic manner. Perfect asepsis cannot be attained, but 
we can very nearly reach it if we go about our work with intelligence and 
painstaking care in regard to the smallest detail. 

In performing the operations of orthopedic surgery it is frequently 
necessary to use a good deal of force in correcting the deformity, and no 
matter how carefully the skin has been prepared, these forcible manipula- 
tions will force the staphylococcus epidermis albus from the deeper layers 
of the epithelium out to the surface where the organism is capable of 
causing mild infection in the operation wound. An example of this is 
seen in the correction of a talipes equinovarus, where the foot is stretched 
and manipulated by the operator’s hands or molded over the Konig block 
or perhaps the Thomas wrench is used. And in order to secure the required 
amount of correction, it may be necessary to divide the posterior tibial 
tendon by an open incision and do a plastic operation on the Achilles 
tendon. An operation of this character is usually performed at one sitting. 
In another class of cases the forcible stretching and correction is done at 
some time previous to the operation and the foot held in its corrected 
position in a plaster-of-Paris case until a later time, when the tendon 
transplantation or arthrodesis may be done—as in the infantile paralysis 
cases. 

When silk is imbedded in the tissues and we wish it to remain per- 
manently, the slightest infection of the silk will defeat the operation, 
as the silk will eventually cause suppuration and must be removed. If silk 
is used as an artificial ligament or tendon, it acts as a foreign body in the 
tissues. The tissues react to its presence and deposit granulation tissue 
along the strand. This in time becomes converted into fibrous tissue and 
we have then a new ligament or tendon of living tissue, the centre of 
which is the buried silk. The process requires a long time. The limb 
must remain fixed in plaster of Paris about nine months. The silk will then 
remain permanently in place. But if the silk is infected with even so mild 
an organism as the staphylococcus of the skin, it will probably loosen and 
work its way out or must subsequently be removed. 

In opening joints great care must be taken to avoid introducing the 


* Read before the Philadelphia Academy of Surgery, May 2, 1918. 
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skin coccus within the joint cavity. Therefore, two knives should be 
used—one for the skin incision and another to use in the deeper structures. 

But my purpose in presenting this paper is to call attention to several 
important ways in which the wound may become contaminated by organ- 
isms far more potent than the skin coccus, types of infection which may 
defeat the operation and even be a serious menace to the life of the 
patient. The responsibility rests largely upon the nursing staff and the 
technic of the operating room is good or bad according to the intelligence 
and ability of the nurses in charge of it. 

The head nurse must directly and personally supervise the work of her 
assistants, and the directress of nurses is responsible for the head nurse. 
The most important feature of a large general hospital is the operating 
room—and this includes, of course, its personnel. 

The visiting surgeon in performing a series of operations expects every- 
thing to proceed smoothly and without friction—doctors and nurses work- 
ing in harmony—and all codéperating to secure the best results. When one 
operation follows another in quick succession—perhaps not five minutes 
in the interval between them—it is not always possible to relegate the septic 
cases to the last, as it sometimes happens that infectious material is encoun- 
tered when it is not expected. 

A gall-bladder may be septic or an appendix may be lying in a small 
pocket of pus. A clean pelvic operation may reveal a pyosalpinx. There- 
fore, in every series of operations one must take it for granted that they 
may not all be clean cases. 

The operating-room nurse and her assistants must have absolute con- 
fidence in their ability to so conduct the technic that there is no possibility 
of carrying infection from one patient to another. This requires constant 
vigilance and can only be entrusted to a highly trained head nurse. 

In most hospitals it is customary for the directress of nurses to make 
a daily tour of inspection of the hospital under her charge. She visits the 
private patients and the ward patients, sees that the wards are clean, looks 
at the bed linen, walks into the kitchen and pantry, opens the doors of 
cupboards and closets, inspects the toilet rooms and in a hundred other 
ways assures herself that the hospital is being conducted in a clean and 
orderly manner. And yet more important than all these is the operating 
room, and I would suggest that the directress of nurses occasionally vary 
her routine and go unannounced into the operating room or the clinical 
amphitheatre when a series of operations is in progress and remain through- 
out an entire forenoon or afternoon watching with vigilant and critical eyes 
every detail of the work of her nurses. 

In my visits to hospitals in other cities I usually seek out the operating 
room nurse and, if she can spare the time, ask her many questions in regard to 
the surgical technic. 

From a seat in the clinical amphitheatre during a series of operations 
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one can also gain a very fair idea of the care and thoroughness with which 
the nurses have been taught. 

I will mention some of the weak links in the chain of surgical technic 
as they have come to my notice in different hospitals, and the fact to be 
kept in mind is that any one of these weak links is capable of causing a 
complete breakdown in our surgical asepsis and result in the failure of our 
efforts to secure clean primary healing of our operation wounds. Of wha' 
use is it to insist on our surgical staff, both doctors and nurses, wearing 
mouth guards, when it is possible to point out faults in the technic by 
which septic virus may be carried from an infected case to a clean one? 

First, then, we will consider the gutta-percha gloves. As the gloves 
can be sterilized absolutely, it is a good thing to use them. But the most 
important function of the rubber gloves is to prevent the skin of our hands 
from being infected with the highly tenacious poison of a septic case, as 
the skin of our own hands when so contaminated cannot be rendered clean 
for a clean operation which is to follow. A doctor or a nurse may carry this 
infection on their hands for several days in spite of all efforts to dis- 
infect them. And it is most important that the hands and forearms of the 
surgeon and his staff of assistants should at all times be protected from 
contact with septic material. 

The preparation of the rubber gloves, therefore, is a matter of the 
most vital moment. Beginning, then, with a pair of gloves which have been 
worn during a septic operation—which might have been a ruptured appen- 
dix and local peritonitis, an empyema of the gall-bladder or of the thorax, 
a pyosalpinx, or a dermoid cyst, drainage of an infected knee-joint or open- 
ing the thigh-bone for acute osteomyelitis, puerperal sepsis and many other 
conditions. Poison of this character may remain potent for many days upon 
rubber gloves, basins, table tops and the like. 

The infected gloves are washed with soap and water by a nurse who 
perhaps is handling them with her bare hands. Her hands, therefore, 
become the carriers of infection, and even though she may not be assist- 
ing at operations, she may have a good deal to do with making the necessary 
preparations for an operation. 

In some hospitals the nursing staff apparently has implicit faith in the 
autoclave. The nurses believe—and it is difficult to convince them to the 
contrary—that everything that comes out of an autoclave must be sterile 
because it has been exposed to live steam for twenty minutes or a half 
hour. But the autoclave is fallible. There is a curious and inexplicable 
inconsistency about the use of the autoclave. The gauze and cotton which 
come to the hospital from mills or factories, where it is most unlikely 
they could have become contaminated by any really virulent organisms— 
probably nothing more than the ordinary dust of a workroom, which is 
relatively harmless—are put into the autoclave for a half hour on three 
successive days in order to destroy‘all germs and spores. The most harm- 
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less of all the materials used at the operation are subjected to the most 
rigid and thorough sterilization. 

The live steam under twenty pounds pressure penetrates every portion 
of the cotton, gauze, bandages, sheets, towels, gowns, etc. 

And now as to the rubber glove. It is probably capable of greater harm 
than any other article which is used at the operation. Operating-room 
nurses have sometimes told me that they depend upon the autoclave to ster- 
ilize the gloves. If the gloves have been used in a septic case they are 
sterilized for twenty minutes, and if they have been used in a clean case 
they are sterilized for ten minutes. How the nurse knows whether a case 
is a clean or a septic one I do not know, because it sometimes happens that 
the operator himself does not know, and only a laboratory report by the 
bacteriologist can decide the point. When the nurse is asked why the gloves 
used in a clean case are sterilized only ten minutes instead of twenty, she 
replies that the longer exposure to the live steam is harmful to the rubber— 
that it shortens the life of the glove. She admits that the twenty-minute 
period is desirable for the septic gloves, but she does not and cannot know 
whether the gloves are septic or not in some cases, The gutta-percha is 
impervious to steam. The gloves are sometimes folded twice upon them- 
selves and bound up in a small muslin package and a pile of these are 
packed into the autoclave. Now it is entirely probable that the live steam 
reaches all the parts of the outer surface of the glove, but I believe there 
are air pockets inside the glove—probably in the fingers or thumbs—which 
the steam never reaches. These air pockets therefore permit only dry heat 
sterilization instead of moist heat sterilization for twenty minutes. And 
the nurse knows that she is dealing with a glove which has been used in a 
case which was frankly a septic one. She runs her autoclave at about 
twenty pounds pressure. This provides a temperature of approximately 
260° in the sterilizing chamber. This is moist heat sterilization. 

We know that boiling water (210° I.) will destroy all organisms and 
their spores in five minutes. The nurse therefore believes she has a wide 
margin of safety. But she overlooks the air pockets inside the gloves. 
These are receiving only dry heat. In order to destroy all germs and their 
spores by dry heat an exposure of about one hour at a temperature of 350° 
F. is required. The autoclave falls short of this by nearly 100° in temper- 
ature and forty minutes in time. 

The surgeon, on putting on his gloves, may find when he opens the 
package that he has two rights or two lefts through an oversight on the 
part of the nurse who prepared them and proceeds to reverse one of them, 
thus bringing the surface of the glove which may not be sterile outside, in 
contact with the operation field. Or, during the operation the finger of the 
glove may be punctured or torn and the result may be the same. In order 
to avoid all possibility of doubt as to the glove being sterile, we have the 
nurse wash the gloves with soap and water, turning them inside out while 
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doing so. They are then filled with water to remove the air and immerse: 
under the surface of boiling water and held down by a piece of wire screen 
so that they cannot float up to the top and be exposed to the air. 

They are boiled five minutes by the clock. When the water cools, the 
nurse, wearing sterile gloves, removes them, dries them with a sterile towel, 
powders them inside and out with sterile talcum powder and folds back the 
gauntlet. Into this she tucks loosely a small gauze pad covered with talcum 
powder which the surgeon uses for dusting his hands. The gloves are 
then placed without folding in a muslin cover and put into a large glass 
jar. The final preparation is just before they are needed for an operation. 
The muslin packets are placed full length in the autoclave, lying loosely in 
rows, not packed together in compact bundles, and sterilized for twenty 
minutes. The steam easily reaches every part of the glove and the dusting 
powder also. The surgeon can have absolute confidence in these gloves— 
there is no possibility of their carrying septic material from a previous 
operation. 

There is another object which may be a carrier of a deadly virus and 
that is the sand pillow. It usually has a rubber or mackintosh cover. When 
it is used in a septic operation—as in an acute osteomyelitis or the drainage 
of an infected joint or necrosis of bone—the discharges from the wound 
soak through the sheets or towels and soil the sand pillow. The stains are 
wiped off with a wet cloth later before the nurse puts it away upon a shelf, 
but no attempt is made to sterilize it. Within a day or two the pillow may 
be called for again. This time the surgeon is going to remove a bone graft 
from the tibia to be inserted into the spine, or he finds it a convenient sup- 
port in doing an arthrodesis on the foot. The most rigid asepsis is required. 
A nurse brings in the sand pillow, the surgical nurse wraps a sterile cloth 
about it and it is placed under the patient’s limb. So long as the sterile 
cloth remains dry no harm results. But it does not remain dry. Blood 
may run down upon it from the wound, or wet gauze sponges come in con- 
tact with it, instruments which have been rinsed in the basin of sterile water 
may be placed upon it, the surgeon washes his gloved hands in the sterile 
water and returns to the operation with his gloves dripping, and so the 
coverings of the sand pillow become wet. It is then only a matter of five 
or ten seconds before the operation field becomes contaminated with the 
poison of the septic case of the day before. I usually demonstrate this to 
my class of students by making a red ink stain on the sand pillow and 
allowing it to dry. The pillow is then covered with a white cloth and a 
wet gauze sponge is dropped upon it. In from five to ten seconds the red 
stain is seen coming through and by the end of two minutes the surrounding 
areas are red and the gauze sponge stained through and through, although 
it is fourteen layers of gauze in thickness. The demonstration is very 
simple and absolutely convincing. This same principle applies, of course, to 
the tops of the tables upon which the instruments are placed and also the 
top of the operating table. Very often this latter is covered with a rubber 
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pad and this in turn with a clean sheet. If the operation happens to be 
upon a patient’s lower limb, the limb is painted with a 3 per cent. solution 
of iodine while an assistant holds it up with a sterile towel. Then the surgi- 
cal nurse covers the operating table with a sterile cloth—probably folded 
to, make it double thickness and the limb is put down upon it. If the rubber 
pad has been soiled from the discharges of a septic case, our clean opera- 
tion will almost certainly be infected as soon as the table coverings get wet. 
When one considers the character of the operative cases which come and 
go in the general routine of the operating room of a large general hospital, 
the great care which must be exercised by the nursing staff must be 
apparent. 

In a single week there may be a series of operations which includes an 
operation for gall-stone complicated by an acute septic cholecystitis, the 
removal of a pyosalpinx, removal of a papillomatous ovarian cyst or a 
dermoid cyst, a child with ruptured appendix and acute peritonitis, a child 
with mastoid abscess, another with empyema, and many other similar cases, 
and all along the clean cases are being operated upon. It is an advantage 
to have one operating room set apart for septic cases, but even this does 
not overcome the difficulty. However, the measures to avoid carrying 
infection from one case to another are simple. There should be a rubber 
cover provided for each table. They should be sterilized just as the gloves 
are. The rubber cover is in turn covered with a sterile cloth. The same 
is true for the sand pillow. The operating table may be covered with a 
sterile folded blanket and on top of this the sterile sheet folded double. Or 
a sterile rubber cover may be placed over that part of the operating table 
which is in the neighborhood of the operation and upon this the sterile 
folded sheet. 

This same procedure is followed for each operation. 

The instruments are sterilized for ten minutes by boiling them in water 
to which a tablespoonful of carbonate of soda has been added. Only the 
instruments which will be required for the operation should be prepared. 
It is a disadvantage to sterilize a large number of instruments which are 
not likely to be used. They unnecessarily complicate the use of the instru- 
ment table, and it is also hard on the instruments. The knives are not 
boiled. After being used they are carefully washed before being put away. 
They are sterilized for operation by immersion for twenty minutes in a 1/20 
carbolic solution or 3 per cent. formalin. They are removed by a sterile 
forceps to a tray of 85 per cent. alcohol. This seems to be a safer plan than 
to depend upon the alcohol tray alone and particularly if the knife has been 
used previously in a septic operation. 

Silk may be prepared by boiling it for ten minutes in a 1/1000 bichloride 
solution and then for ten minutes in plain water. If the silk is boiled with 
the instruments to which the soda has been added its tensile strength may 
be impaired. 

The catgut should preferably be obtained from the manufacturer in 
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sealed glass tubes. These tubes when handled become coated with a thin 
layer of grease from one’s fingers and in this thin film living organisms 
or spores may lie imbedded and perfectly protected from the action of anti- 
septic solutions. It is not enough, therefore, to place these tubes in a tray 
containing carbolic solution or formalin solution. The germs are not 
destroyed and the nurse, when she takes up the tube in her gloved hands 
and breaks it protected in gauze, is very likely to contaminate her gloves and 
as she removes the strand of catgut and draws it out through her fingers 
she may in turn carry the organisms along the catgut. Infection from the 
suture may result. This is avoided by boiling the glass tubes of catgut 
with the instruments. They are then placed in a tray of 1/20 carbolic 
solution or 3 per cent. formalin. 

At the operation the nurse removes a tube of catgut from its tray by 
using a sterile forceps. She should never put her fingers into the tray. 
Silkworm gut is boiled with the instruments, also the rubber drainage tubes. 

The white enameled basins are sterilized in the utensil sterilizer and a 
fresh set is used for each operation. 

The large glass bowls which are seen in many operating rooms should 
not be used. There is no reliable way of cleaning them if they become 
contaminated during a septic operation. The few minutes intervening 
between one operation and the next do not give the operating-room nurse 
sufficient opportunity to render them surgically clean. 

Mouth guards are worn by the surgeon and his assistants. The speak- 
ing voice is capable of projecting minute particles of saliva which carry 
organisms a distance of three feet, a cough or a sneeze two or three times 
that far. It seems unlikely that quiet breathing through the nostrils can 
infect a wound and it hardly is necessary to wear a mask which covers both 
mouth and nose. As the surgical nurse assists at the operation and some- 
times finds it necessary to speak to the surgeon or his assistant, she may 
speak directly upon the suture which she is holding at the moment only a 
few inches away from her mouth. It is quite important, therefore, that she 
also should wear a mouth guard. The same applies to the anesthetist if 
the operation is upon the head or neck or shoulders. 

And finally it is worth while to mention the very mild infection which 
may be carried by sweat. It has never seemed to me that this is a serious 
menace, and yet it is possible that our catgut ligatures or sutures may 
become infected in this way and prevent the clean healing of the wound. 

The sweat may come from the patient’s skin as well as from the fore- 
arms of the operator or his assistants. No matter how carefully the sur- 
face of the patient’s skin or the hands, forearms and arms of the operator 
and his assistants and nurses may be prepared, when the sweat glands begin 
pouring out their secretion until the sweat collects in droplets there is 
always a little risk of very mild wound infection. 

The climate of Philadelphia is very hot in July and August, and it is 
not unusual to find ourselves working in an operating room with the tem- 
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perature near or even above 100° F. The air, furthermore, is saturated with 
moisture. A leaking skin is inevitable under these conditions. The sleeves 
of one’s gown may become saturated or occasionally a drop of sweat may 
fall from the gauntlet of one’s glove upon the field of operation. Under 
such uncomfortable conditions, I have found it an advantage to wear a 
gown with short sleeves and work with gloves and with the arms bare to 
above the elbows. During the operation I frequently rinse off my gloves 
and forearms to the elbow in the bichloride basin. The skin of the patient 
surrounding the immediate field of operation should be frequently mopped 
with a wet bichloride sponge. 

Talcum powder cannot be sterilized in bulk. In the laboratory of the 
University Hospital we have been able to obtain living spores from the 
central portion of a box or shaker of talcum powder even though it had been 
repeatedly “ sterilized” in the autoclave. The moist heat cannot penetrate 
the powder sufficiently to kill the spores which may be lying deeply im- 
bedded in it. 


Following is the surgical technic which I outlined for the assistance of 
our nursing staff in the Orthopedic Department of the University Hospital 
about two years ago. We have found it satisfactory in every way. 


SURGICAL TECHNIC—WARD 


The Patient.—The day preceding: In the morning give drams two of castor oil, 
or dram one of aromatic fluidextract of cascara sagrada, and late in the day give a 
simple enema. In the afternoon prepare the region of operation. This means the 
whole extremity. In preparing the foot, pay particular attention to the toes, between 
the toes, the toe-nails, etc. First scrub with tincture of green soap and sterile water— 
using gauze sponges—for ten minutes. Follow this with sterile water, then scrub 
and thoroughly douche the part with a warm I-2000 solution of bichloride of mercury ; 
douche with sterile water and sponge with 85 per cent alcohol. The limb is then 
covered with dry sterile gauze and bandaged. 

The day of operation: A cup of broth or hot milk about 7.30 a. mM. Water up to 
within two hours of operation. On the operating table, the sterile dressings are removed 
and the limb painted with a 3 per cent. tincture of iodine. 

The Operating Room Staff: The surgeon, the assistant surgeon, the resident 
surgeon. The head nurse, the surgical nurse, the clinic nurse. 

The resident surgeon acts as first assistant to the operator. 

The assistant surgeon handles the instruments and acts as second assistant. 

The head nurse is in the operating room throughout the operation and keeps a 
general supervision of the nurses and the operating room. 

The surgical nurse has charge of the nurses’ table and assists at the operation as 
required. She handles the sterile sheets, sponges, sutures, ligatures, needles, needle- 
holder, scissors, etc. She never touches anything which is not sterile. She wears a 
fresh sterile gown for each operation. At the end of an operation she removes her 
gloves. She disinfects her hands and puts on fresh gloves just before the next 
operation is to begin. She wears a mouth guard. 

The clinic nurse does whatever is required in the operating room where sterile 
hands are not necessary. 

The Operating Room: The washbasin and stands are scoured with “ Sapolio” or 
“Old Dutch Cleanser,” or some similar cleansing agent, and the metal parts kept 
bright with metal polish. 
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Only white-enamel basins are used in the operating room and these are sterilized 
in the utensil sterilizer. 

On one table there are three basins: No. 1, a warm solution of bichloride of mer- 
cury, 1-1000; No. 2, alcohol, 85 per cent., about one-half inch deep and with several 
gauze pads; No. 3, sterile water. 

The bichloride solution should be stained a faint blue, or be marked by a float 
“ Bichloride of Mercury, 1-1000.” 

On another table is a basin of sterile water which is to be used during the operation. 
This must always be replaced by a fresh basin for each succeeding operation. 

The Nurses’ Table: The table is covered with a sterile cloth, and on it are placed: 

1. A tray containing packages of rubber gloves of various sizes and the sterile 
dusting powder. 

2. A jar or tray of catgut in glass tubes of various sizes. These may be covered 
either with a 3 per cent. formalin solution or a 5 per cent. solution of carbolic acid. 
The tubes when wanted are removed from the jar or tray with sterile forceps. 

3. A jar containing silk of different sizes and kept the same as above. 

4. A jar of rubber drainage tubes, and kept the same as above. 

For each operation the surgical nurse spreads a fresh sterile sheet or cloth across 
the front half of this table, and upon this she places the fresh sterile tray which con- 
tains the scissors, needle-holder, needles; and a glass tray which contains the scalpels 
and tenotomes covered with alcohol. The nurse touches nothing on this table except 
the two trays and their contents and the sterile sheet upon which they rest. She 
must be careful not to contaminate the contents of any of the glass jars or trays which 
contain the catgut tubes, etc., but must always remove what she requires with sterile 
forceps. These forceps are, of course, re-sterilized with the other instruments before 
the next operation. 

At the close of the operation, then the two trays and the sterile sheet are removed, 
to be replaced by fresh ones for the next operation. 

Nothing which may have come in contact with one operation—either directly or 
indirectly—is to be permitted to come in contact with the following operation, either 
directly or indirectly. 

The Instrument Table: The instrument table should be covered with a sterile 
rubber cover and over this a sterile sheet, and upon this are arranged only the instru- 
ments which are required for the operation. At the end of each operation everything 
is removed from this table. 

Sterilization.—The gauze dressings, gauze sponges, towels, sheets, gowns, etc., are 
sterilized in the autoclave by live steam, followed by dry heat. Each operation is to 
have its own separate drum. One drum may be used solely for gowns of nurses and 
doctors, and this may remain in its position on its stand throughout the series of 
operations. 

The instruments (which include everything except the knives) are sterilized by 
boiling for ten minutes. 

The knives and tenotomes are covered with a 3 per cent. solution of formalin for 
20 minutes. This is poured back into the stock bottle and the knives are covered with 
alcohol until used. The tray which is used is sterilized in the utensil sterilizer. 

The Rubber Gloves.—These are washed with soap and water to remove all stains, 
turned inside out and washed again. They are then filled with water and put into a 
vessel of boiling water with a wire frame on top of them, so that they cannot float up 
on top of the water. They are boiled 5 minutes by the watch. When the water has 
cooled, the nurse, wearing sterile rubber gloves, removes the gloves from the water and 
dries them with a sterile towel, of course turning them inside out in doing this. The 
glove is dusted inside and out with sterile powder and folded in a piece of sterile 
muslin and made into a packet. These are then placed in a large glass jar having a 
glass cover, and put away until they are needed for operation. They are then put 
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inte the autoclave and sterilized with the surgical dressings during their final steriliza- 
tion. The gloves need not be left in the autoclave longer than 20 minutes. 

The glass tubes of catgut may be sterilized with the instruments and then placed 
in carbolic or formalin solution. 

Drainage tubes should be boiled 10 minutes and then placed in the formalin or 
carbolic solution. 

Silk, if it is to be left buried in the tissues, should be boiled for to minutes in a 
1-1000 bichloride solution, and then for 10 minutes in water. 


INSTRUMENTS REQUIRED 


For every operation have ready the following: 


2 pairs of retractors 2 pairs scissors, blunt ends—1 pair curved 
2 scalpels and 1 pair straight 

2 tenotomes—1 sharp-pointed and 1 blunt 1 Allis dry dissector 

12 hemostats 1 grooved director 

4 curved hzmostats 1 small probe 

4 tenaculum forceps I periosteal elevator 

4 Allis forceps 1 needle holder 

2 dissecting forceps needles 

2 rat-tooth 1 ligature carrier 


Additional instruments are required for certain operations as follows: 


Tendon transplantation: Osteotomy : 

1 long, very slender pair of forceps I osteotome—large 

1 long probe with eye 1 osteotome—small 

1 drill handle and 3 drills I osteotome—medium 

I very narrow osteotome 1 hammer or mallet 
Arthrodesis and transverse horizontal 1 Konig block 

section: 1 sand pillow 

All the preceding instruments and also Arthroplasty: 

I medium gouge 2 saws 

1 small gouge 2 chisels 

1 medium chisel 2 gouges 

I small chisel I curette % 
Bone grafting: 1 bone-cutting forceps 

1 Hey’s saw 1 hammer or mallet 

I osteotome—medium 1 drill 

I osteotome—small 8 extra hemostats 

1 chisel Erasion of a joint: 

1 mallet or hammer Same as Arthroplasty and 

1 bone-cutting forceps 1 lion-jaw forceps 


I sequestrum forceps 


Talcum powder cannot be sterilized if it is in bulk; that is, in the dusting can. 
The talcum powder should be spread on a gauze sponge in a very thin layer and then 
placed on top of the rubber gloves just before they are enclosed in the muslin covering. 
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EDITORIAL COMMENT 
WAR SURGERY OF THE ABDOMEN 


CutTupert Wattace, Consulting Surgeon of the British Armies in France, has 
published in an octavo volume of 152 pages (Philadelphia: P. Blakiston’s Son & Co.), 
a study of the experiences during a period of thirty months extending from July 1, 
1915, to December 31, 1917, in abdominal surgery of the sector of the battle line 
under his surgical control. 

The number of cases upon which the study is founded is 1098 abdominal wounds. 
The object of the study is to determine what benefit may be expected in dealing with 
these cases by operative means. All cases occurring within the particular sector 
involved are included, no matter at what hospital they are treated. It goes without 
saying that the results are greatly influenced in different hospitals by their respective 
distances from the firing line. They differ greatly, also, according to the nature of 
the fighting. They are nearly always worse at the end of a fight than at the beginning, 
for the cases at the end are difficult to collect, and are, therefore, late in arriving. 
Again, if times are quiet, there is plenty of time to treat all cases adequately and 
deliberately, the conditions being quite different from those in which active operations 
are in progress, when it may be only possible to pay attention to the most favorable 
cases. It is necessary, also, not only to reckon the mortality following operations, but 
also the mortality in those cases in which no operation was performed. The statistics 
obtained are the result of a system whereby every hospital which was called upon to 
treat abdominal cases was provided with a book in which certain headings were written 
down, which were filled in at the time of operation by the medical officers. 

In the earlier months of the recent war an expectant method of treatment was 
generally adopted. Operations were secondary or late. A wounded man was first 
received by his regimental medical officer to whom he was brought in the regimental 
aid post, situated somewhere in the trench system; thence he would be transferred 
by stretcher to an advanced dressing station, usually situated just behind the trenches ; 
thence by car to the field ambulance, where he was kept until the arrival of a motor 
convoy (often only once in twenty-four hours), by which he was taken to the 
casualty clearing station, which was the first place adequately equipped for operative 
treatment. Here there was reasonable possibility for the performance of any opera- 
tion thought advisable. In some cases, with the idea of avoiding a disturbance by 
movement, a man wounded in the abdomen was kept at the regimental aid post; 
often he was kept at the field ambulance, but usually he was transferred to the 
casualty clearing station as soon as possible. Here the usual procedure was to 
put the man in the Fowler position; to improve the general condition by rest and 
warmth; to withhold food and water for three days, and to administer morphia. 
Thirst was combated by rectal salines and mouth-washes. The result was that 
many patients at first gravely ill went through a period of improvement which often 
was very striking, so that it was possible to evacuate them to the base hospital. Here 
they arrived sometimes in good condition and sometimes gravely ill; as a rule, they 
became worse and worse, and in the end died. 

In 1915 a series of operations and post-mortem examinations showed that the 
intra-abdominal injuries were of such a nature that recovery was not to be expected 
without surgical aid except in a few instances. 

Hemorrhage was a frequent cause of early death. The injuries produced by 
bullets often were very extensive, negativing the prevalent opinion as to the com- 
parative smallness of the lesions produced by a modern small-bore bullet. Apprecia- 
tion of the large part which hemorrhage played in causing the early death after such 
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injuries emphasized the necessity of the earliest possible operative interference for 
its control. Directions to use all possible celerity in forwarding all abdominal wounds 
to the nearest casualty clearing station were followed by rapid improvement in the 
results obtained. 

With regard to the relative frequency of abdominal wounds, experience in the 
present war has been that the number of such wounds that reach an operating hos- 
pital is not likely to exceed 2 per cent. of the total wounded received, provided no 
segregation of such cases is practiced. 

It has always been a much-debated point as to whether a projectile could traverse 
the peritoneal cavity without wounding the hollow viscera. The result of the large 
number of cases in which, after perforating wounds, the abdomen was opened and 
explored, is that in a number of them no hollow viscus was found injured, although 
the abdominal cavity was usually full of blood. In some of them the injury was 
limited to bruises and tears of the peritoneal and muscular walls of the stomach or 
intestine. It is not denied that in rare instances spontaneous recovery after wounds 
of the hollow viscera has occurred. Wallace gives the details of a number of such 
instances, but the number is too small to have any practical bearing upon the indica- 
tions for treatment in any given case. 

The relative frequency in which the different organs of the abdomen are wounded, 
from a total of 965 cases, is as follows: Small intestine, 363; colon, 252; liver, 163; 
stomach, 82; kidney, 74; spleen, 54; bladder, 45; rectum, 21; pancreas, 5; ureter, 3. 

Most cases succeeded in reaching the casualty clearing station some time between 
six and ten hours after receipt of the injury. The statement is made that up to six 
hours the chances are in favor of the patients; after this period they are always against 
them. So far, the limit in successful cases has been forty-eight hours for resection 
of the small intestine and thirty-six hours for a suture of the colon and for a 
suture of the stomach. 

Notwithstanding the realization of the fact that the sooner a man is operated 
upon the better, there is another factor, namely, the aftercare of the wounded man. 
He must be kept quiet and well nursed. While it might be sometimes physically 
possible to operate upon him at the regimental aid post or advanced dressing station, 
it would be under the most disadvantageous circumstances. After operation, nursing 
as usually understood would be impossible. In addition, the man would be under 
constant shellfire or close to our own guns. To avoid delay in such and other cases 
of severe wounds, the advancement of the casualty clearing station reasonably far 
forward is important. In some instances it has been possible to establish special 
hospitals in advanced positions. 

With reference to abdominal wounds, the author states that the French and 
the Belgians have gone through the same experience as the British. Since the fighting 
line became fixed, operation has been the accepted practice. Advanced abdominal 
hospitals have been established at some centres. 

As regards the diagnosis of intra-abdominal damage, experience has shown that 
one has to be very careful in making a negative diagnosis, and it has also shown 
the wisdom of operation in doubtful cases. Though a man hit in the abdomen usually 
looks ill, he sometimes appears to have no serious lesion. Sometimes he is apathetic 
and quiet, sometimes restless. He may be blanched, or of a fair, clear color, even 
normal in appearance. He may present a good facial expression, even though his 
extremities are cold and clammy, and the pulse imperceptible, and death imminent. 

When the patient has once arrived at an operating hospital, it is better to put 
the man to bed and watch his condition for a time rather than to immediately subject 
him to operation. The first and foremost indication is to secure the warming of the 
patient. This is by far the best treatment of shock, and greatly excels in value the 
administration of stimulants of whatever nature. If heat, rest and morphia do not 
improve the man’s condition, it is doubtful if transfusion or infusion will produce 
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any effect, except in cases of severe hemorrhage, when transfusion of blood is by 
far the best restorative. 

The actual moment for performing the operation must be left to the individual 
judgment of the operator. If the man does not respond at all, the question must 
be decided whether it is best to operate at once, or whether it is worth operating at 
all. Frequently some hours will produce such improvement that an operation is pos- 
sible, where at first the case seemed hopeless. Experience has shown the wisdom 
of operating as a routine measure. The main question is, What case is it best not 
to operate? 

It is true, also, that there will be some patients operated upon who are not 
found to have any visceral injury, and some in whom the wounded parenchyma of 
solid organs has ceased to bleed. 

There are, of course, many cases in which no surgeon would fee! himself 
justified in operating, but there are many borderline cases which some surgeons 
would leave and others would feel constrained to submit to operation. The 
bolder surgeon may get the worse operative mortality, and yet save more lives. 

Wallace accepts twenty-four hours as the usual limit within which a primary 
operation is likely to be successful. By this time hemorrhage will have ceased, and 
operation is only to spread infection, if the bowel has been perforated, and to hasten 
the end. 

With reference to wounds of particular organs, out of 965 cases operated upon, 
the stomach was perforated 82 times, in 55 of which it was the only hollow viscus 
damaged. In cases uncomplicated with wounds of other hollow viscera, the mor- 
tality was 52.7 per cent. The small intestine in this same series of operative cases 
was found wounded 363 times, in 255 of which it was the only hollow viscus wounded. 

Single lesions are the exception. Out of 124 cases, the average number of lesions 
was 4.8. The greatest number of lesions was 20. The lesions are usually collected 
close together, but sometimes they are disposed in two or three groups, which necessi- 
tate multiple resections. 

As a rule, the whole length of the small intestine must be explored. Suture should 
be practiced when possible. Small discrete injuries, however numerous, should be 
sutured. It is also better to narrow the bowel than to resect, even if it involves 
a lateral anastomosis. Resection should be reserved for cases where the bowel is 
practically destroyed, where there are several severe injuries or complete divisions 
close together, and where injuries extending into the mesentery or infarction of 
vessels give no choice. A single row of stitches is practically all-sufficient in the 
suture. 

In the 965 operative cases under consideration, the colon was wounded 252 times. 
In 155 cases it was the only part of the alimentary tract hit. The injuries of the 
large intestine are similar to those of the small gut. The differences that are to be 
noted are due to its larger size and the absence of coils, to the absence of mesentery 
in portions of its course, and its proximity in some portions of its extent to bone. 

With regard to the treatment of colon cases, the author is of the opinion that, 
although some unoperated colon cases did recover, nevertheless these cases cannot 
now be advanced as a ground for abstention from operation except in cases which 
arrive late. 

The mortality of colon cases uncomplicated with other lesions of the alimentary 
tube is 58.7 per cent. Where the simple suture has been possible, the mortality was 
only just above 50 per cent. When a colon anus was required, the mortality was 
73.5 per cent. This increase in mortality in cases of colostomy is due not to the 
character of the operation itself, but to the fact that progressive sepsis was not 
prevented from infection already started when the colostomy was performed. 

The bladder was perforated 45 times in the 965 operated cases, and in 25 cases 
was the only organ injured. Of these 25 cases, 14 died. 
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Shock and hemorrhage form the causes of death in the majority of cases. 

In addition to the abdominal injuries, every kind of bodily injury may also be present 
in individual cases. Compound depressed fractures of the skull, fractures of the 
long bones, multiple wounds, fractured spine, avulsed limbs, are among such com- 
plicated injuries, but for such extraneous injuries the mortality in the cases studied 
would be considerably lower. 

Hemorrhage stands out as the great source of danger. In wounds of the 
stomach, damage to the vessels running to the stomach wall before they penetrate 
it and to the big vessels lying on the two curvatures may give rise to very great 
hemorrhage. The omental vessels may be a source of hemorrhage. The small intestine 
wall is the source of considerable hemorrhage. The mesenteric vessels give rise to very 
considerable hemorrhage. A mesenteric wound often includes also a wound of the 
big vessels, such as the colics, and it is the most common source of blood in the abdomen 
when cases come to operation. 

Hemorrhage in the retroperitoneal tissue is a source of great trouble. The 
formation of extensive hematoma is common. The deep epigastric artery of the 
abdominal wall may be the source of hemorrhage. The great intra-abdominal vessels 
may be injured. The parenchyma of all solid organs bleeds freely at first; but if no 
large vessel is injured, the hemorrhage may be expected to cease spontaneously in a 
few hours. 

Peritonitis is the usual cause of death after the period of shock and hemorrhage 
is over. The amount of pciitonitis present when an operation is done at an early 
stage varies much. It is not so dependent upon the time elapsed since the wound as 
might be expected. Infection may be due to contamination from the bowel, to dirt 
carried in by the projectile, and, finally, from the operation wound itself from fault 
in technic. 

There are many other points of detail which are discussed in this little book. 
Every page is full of interest, being a study on a large scale of a vast experience— 
experience which was possible to be gained only under the conditions of a great 
war such as that which has been waged during the past four years and more. The 
abrupt closure of the war has made its lessons less pressingly important upon the 
clinical side. As one reads the details of the conditions in which much of the work here 
recorded has been done, one is filled with admiration of the high spirit of devotion with 
which the surgeons of the Allied forces have applied themselves to their work. 

Every one will gladly adopt the language of the author when he pays compliment 
also to those who collected and bore the wounded from the field to points of relief. 
What success the surgeons have obtained, he says, is due mainly to the magnificent 
way in which the wounded have been collected by the bearers. One cannot suffi- 
ciently express one’s admiration for their courage, steadfastness and endurance. The 
motor ambulances of the field ambulances and of the motor convoys deserve great 
credit. What praise is not due to the drivers, who, in darkness and shellfire, tenderly 
picked their way among the holes in the road so as to avoid a needless jolt to their 
wounded charges? The book as a whole is fittingly dedicated to “The Stretcher- 
Bearer.” 


THE LATE RESULTS OF GUNSHOT WOUNDS OF THE CHEST 


As an addition to the contributions to the immediate surgery of wounds of the 
chest which were the subject of editorial comment in the November issue of the 
ANNALS OF SuRGERY (pp. 554-562), interest will attach to contributions upon the late 
sequelz to such wounds, which form a series of papers published in the Lyon Chirur- 
gical for May-June, 1918. 

In the first paper (Récherches cliniques et radioscopiques sur certaines sequelles 
lointaines des plaies pleuro-pulmonaires de guerre), the authors, MM. Pehu and Daguet, 
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deal with certain consequences found present several months after the traumatism had 
been sustained and when every evidence of bony, bronchial, pulmonary, or pleural dis- 
turbance of a suppurative or inflammatory nature had ended; when cicatrization 
had been accomplished, but when in most of the cases there could still be observed a 
tendency to slow spontaneous betterment, the cicatricial condition not yet having 
become definitely fixed. Various recent papers have treated upon the general subject 
of the later consequences of thoracic wounds. They show that, to the acute immediate 
phase succeeds a period during which, at least in a certain number of them, it is quite 
frequently the fact that subacute manifestations may be found showing that the process 
is not fully and completely terminated. The authors of the present paper have studied 
such sequelz of thoracic wounds with the special idea of contrasting results in those 
in which there were present sero-fibrinous effusions of infectious origin, with those which 
were bloody and purulent in their nature from whatever origin they may have sprung. 
In all the cases studied by them, several months (four at least) had intervened between 
the reception of the wounds and the time they came under the authors’ observation. 
The acute phenomena had ended, pleural suppuration had ceased, and the bronchial mani- 
festations had been suppressed. 

The problem was then to estimate the physical value of the individual as to final 
restoration to health, or as to the necessity for excluding him from the list of possible 
future combatants. The material was composed of soldiers of from 20 to 40 years 
of age belonging to all classes of fighters. Of these they have examined in all 146 
in the space of twenty months. 

As to the nature of the missiles which had inflicted the wounds, shell fragments 
were much the most frequent, being from 85 to 90 per cent. The rest were rifle balls, 
or fragments of shrapnel or hand grenades, or similar agents. 

Out of the entire number there was but one wound from a revolver ball, and 
one dagger wound. 

As to the clinical symptomatology presented in these cases, the physical signs are 
identical with those in chronic pleurisy from whatever cause. The symptoms are in gen- 
eral not well marked; a dulness scarcely appreciable, or an ill-defined diminution of the 
respiratory murmur. One does not note the frank dulness which accompanies certain 
forms of parietal adhesions, especially at the base. Auscultation reveals a varying degree 
of respiratory suppression. As to fremitus, it is always appreciable to a degree more 
or less pronounced. A phenomenon quite constant, noted even in the least severe 
cases, consists in the diminution of expansion of the half of the thorax corresponding 
to the wound. This sign is not sought for as often as it ought to be. It possesses 
a very great value in directing research. It is noteworthy that there does not exist 
a close parallelism between the data furnished by the X-ray and the mobility of the 
corresponding half of the diaphragm. A thorax may present the least degree of mobility 
while the muscular curtain is but little paralyzed. Inversely, certain thoracic frames 
may dilate to a sufficient degree while the diaphragm is almost inert. This is due to 
the supplementary activity, more or less efficient, of the accessory respiratory muscles. 

Besides these particulars revealed by physical examination of the thorax, signs of 
persistent bronchitis or chronic pleurisy have been rarely noted. Generally, it may 
be said that the objective physical signs referable to the framework of the thorax are 
always less characteristic, more imperfect, than the signs revealed by the X-ray. The 
signs obtained by radiographic examinations merit careful study. They show 
exactly the functional value of the pleuro-pulmonary apparatus and serve as valuable 
guides in an estimation of the later course of the case. 

In a certain number of cases the presence of metallic foreign bodies was shown, 
situated in various portions of the thoracic cavity, of which, in the opinion of surgeons, 
extraction was judged useless or dangerous. Of the 146 cases under examination, 
there were 27 bearers of intrathoracic projectiles. These foreign bodies were apparently 
well tolerated and around them there could be seen no modification of the radioscopic 
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image of the intrathoracic viscera. In one case only was noted the existence of a 
grayish halo around a foreign body. 

The clinical signs, therefore, as far as the sequele of wounds of the chest are 
concerned, are of much less importance than the signs revealed by radioscopic examina- 
tion. The fluoroscope screen shows often conditions unsuspected by external investi- 
gation alone, and to arrive at an exact conclusion as to the anatomical and physiological 
characteristics of the ultimate results radioscopy is essential. The screen examination 
makes possible the determination of the degree of alteration of the diaphragm, of the 
pleural culs-de-sac, of the pleura itself, etc. 

The authors have divided the thoracic wounds studied into two classes: (a) Those 
which have been accompanied by a purulent pleurisy subjected to incision, and (b) those 
which have not undergone any surgical intervention. The sequele consecutive to 
wounds complicated with empyema do not entail changes much pronounced and very 
extensive. Most frequently may be observed shadows localized along the sinus; a 
slight thickening is at the base of the lung, a little diaphragmatic inertia betraying 
itself to external examination by the least signs of chronic pleurisy. One was often 
surprised to find that empyemata which had suppurated for many months, left behind 
them slight signs; that the play of the diaphragmatic dome is very little altered; that 
the stroma of the lung is scarcely rendered grayish. Even if the incision of the purulent 
collection has been more or less delayed; if, according to all probability, it has been 
preceded by a period of simple haemothorax, nevertheless, the remnants left are minimal. 

The most favorable conditions, the minimum of sequele, have resulted from 
interventions in which pleurotomy had been accompanied by costal resection. Rib 
resection is indispensable to permit sufficient drainage through the rubber tubing 
introduced more or less deeply into the chest. Division of the skin, muscular planes, 
and incision of the pleura without touching the ribs is not sufficient. 

As to the wounded who present no operative cicatrix, a considerable number of the 
penetrating wounds, whether accompanied or not with bloody effusions, left no 
important sequel. 

A special study has been given to the frequency of the development of pleuro- 
pulmonary tuberculosis as a sequel to the injuries of the chest. Of the 146 cases 
under examination there were observed three cases of pulmonary tuberculosis and two 
cases of sero-fibrinous pleuritis of an undoubtedly tuberculous nature. It was im- 
possible to say positively, however, whether these cases were dependent upon the 
injury received or not. 


THE EARLY TREATMENT OF SEPTIC PLEURAL EFFUSIONS 
COMPLICATING PENETRATING WOUNDS OF THE CHEST 
(Note sur le traitement précoce des épanchements septiques de la plevra, complica- 

tions des plaies pénétrantes de poitrine.) 

Messrs. V. Combier and J. Hertz (Aide majors a l’'Ambulance automobile 13) 
report their results in the early closing of the thoracotomy wound in cases of septic 
pleural effusions as soon as the pleural cavity had been rendered sterile by drainage 
accompanied by irrigations after the method of Dakin. According to their experiences, 
sterilization of the pleural cavity can be accomplished very rapidly if it is begun early. 
The objectives to be attained were to empty and disinfect the pleura, to close it, and to 
mobilize the lung. 

Only in cases in which a wounded man retained within the thorax a large missile 
likely to be poorly tolerated, and especially likely to reinfect the wound, did they 
practice the extraction of the missile, if it did not necessitate deep penetration into the 
lung. In this course they were influenced by the theory that the extraction of an 
intrapulmonary projectile was less grave in its consequences when the inflammatory 
process has disappeared. Again, whenever the cause of pleural infection could be 
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traced to an infected focus attending fracture of the ribs, they excised this compli- 
cating focus. If the focus is a fracture of the scapula, its clearing out is still more 
necessary on account of the muscular masses which surround it. The presence of a 
fracture of the rib in a chest wound which it continually aggravates is of itself alone 
an operative indication after the arrival of the patient at the hospital. 

The time for surgical intervention has in all cases been controlled by bacteriologi- 
cal and cytological examinations made by the chief of the laboratory service. The results 
of these examinations have served as controls when compared with the later examina- 
tions practiced upon the pleural fluids after the Dakin irrigations. These examinations 
have furnished information as to the transformation of the pus and its flora, the 
progressive diminution of the number of germs. 

In all cases the closure of the wound was done only when the number of microbic 
elements had become very minute, and when the percentage of white corpuscles showed 
that the proportion of the poly- and mononuclears had become normal. 

Operative Technic.—It is supposed that, before any intervention, X-ray examina- 
tion has been done to secure information as to the quantity of intraperitoneal liquid, as 
to the presence of the projectile, or of fragments of the ribs. The authors have always 
employed by preference local anzsthesia, with 1 per cent. solution of adrenalized 
novocain, accompanied by one or two hypodermic injections of morphin, one at the 
beginning of the local anzsthesia and a second in the course of the intervention, if it 
seemed necessary. An important effect of such hypodermics of morphin the authors 
believe to be the prevention of reflex nervous accidents due-to spasm of the cerebral 
arteries with transitory ischemia, which the production of the pneumothorax may entail. 

The first step is the resection of some cubic centimetres of the ninth rib in the 
posterior axillary line, preceded by an exploratory puncture at this level to make sure 
that the drainage would be effectual. Once the rib has been resected, they make a 
pleural incision, which is begun with the point of the bistoury and prolonged pro- 
gressively. In the case of thoracotomy for purulent pleurisy, the ingress of the air 
into the pleural cavity is little to be feared. The wounded lung is already prepared 
by the previous progressive compression due to the effusion. The thoracic equilibrium 
has already been broken and it would not be subjected to the three great causes which 
explain the accidents due to the opening of the pleura, namely, deviation of the medias- 
tinal diaphragm, air embolism in the circulation, the production of pneumothorax. 
After the liquid has been evacuated and direct finger examination has been made, the 
careful removal of false membrane is instituted. Inspection of the cavity to make 
certain that it is free from retained masses may be made by suitable light. Then they 
put in place the irrigating tube and the drainage tube. The latter descends into a 
reservoir containing at its bottom liquid which may produce suction to keep the pleura 
dry and to draw the lung to the wall of the chest. This pleural drainage tube is of the 
calibre of the index finger. It should penetrate into the pleura five good centimetres ; 
it should have three large, long fenestra; it should be extremely soft, so that it may 
cause no irritation. Into its large lumen may engage clots and false membranes. It is 
fired to the skin by a point of silkworm gut. 

The irrigating tube is a long tube which, in the majority of cases, passes up into 
the pleural cavity through the operative wound 20 centimetres, toward the summit, 
where it is fixed by a point of silkworm-gut suture. 

In cases of recent pleurisy, or those in which diverticula are absent, one irrigating 
tube may be used instead of the multiple tubes which have been recommended. By 
several points of suture involving the pleural muscles and skin the wound is her- 
metically closed about the tubes. Upon the closed operative wound through which 
emerge the two tubes two long compresses are placed and the whole is covered over 
by a plate of pure rubber, perforated by two openings, through which come out the two 
tubes, the drainage tube going to its bottle, the irrigating tube fixed to the shoulders 
and kept closed between the times of injection. The circumference of the rubber 
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plaque is fixed to the skin by cement. By means of this arrangement all the pleural 
liquid, pus and Dakin fluid passes into the drainage bottle, the bed is not soiled and 
reinfection from the wound is rendered impossble. It is sufficient after three days to 
change the two compresses which rest upon the skin. The patient is put in bed in 
the sitting position. The end of the drainage tube is placed in a bottle filled one-third full 
of antiseptic liquid. During the first day there are made five instillations of 20 cc. of 
Dakin fluid; two more during the night; the same again the second day, with the 
addition of one transpleural irrigation of from 250 to 500 cc. of the Dakin fluid at one 
time. This is continued to the fourth or fifth day, when the number of instillations is 
reduced to four, of from 20 to 50 cc. each day. Never has it been found that these 
irrigations caused functional troubles. The patient bears them readily and often 
expresses a feeling of comfort from their use. The drainage tube rarely comes out. 
If by chance the flow is interrupted, it soon is restored, the Dakin solution having broken 
up the fibrinous masses which obstructed it. 

When the temperature has completely fallen to normal and no longer rises again, 
a condition which, when the treatment has been early instituted, may in general be 
secured by the fourth day, when the general state is clearly improved and one can see 
a radical change for the better from day to day; finally, when the laboratory examina- 
tions permit it, the two tubes are taken away and the total closure of the wound is 
made by sutures, which involve the entire thickness of the wall and pass as near as 
possible to the pleural edges. Precaution should be taken to withdraw the two tubes 
and to put the sutures in place while the patient is in a condition of forced inspiration, 
nose and mouth closed, so that the lung being brought up to the thorax wall may 
limit as much as possible the pneumo-thorax of the disinfected cavity. The day after 
the closure a spirometer is given to the patient, who begins to make respiratory gym- 
nastics, with the object on one side to dilate the lung and on the other to prevent 
adhesions to the wall of the thorax. 

Although the authors never sought the primary extraction of the projectile in these 
infected pleurz, nevertheless in five cases they were forced to undertake it. The 
projectile had been previously seen and localized by the X-ray, and they were led to it 
through a focus of rib fracture, or through a retroparietal abscess opening at its 
depth in the pulmonary cavity where the missile was found, either as it had been quite 
easily felt or in the midst of adhesions or false membranes. In two cases the projectile 
was found in contact with the wounded pleura. 

In searching for these foreign bodies they were greatly helped by the spreader 
of Tuffier. In five cases the projectile was removed in the course of the thoracotomy for 
the pleural suppuration. In four cases they made removals of splinters or resection 
of the ribs. In thirteen cases they had to do with wounds produced by shell fragments. 
In all, fifteen cases are detailed, with one death, the patient dying from double pneumonia 
on the second day after infection. 

The analysis uf these cases demonstrated that the method of early closing of 
thoracotomy wounds in cases of purulent pleurisy does not involve danger for the 
patient. Should the temperature again rise from retained infected material after the 
closure, it would suffice to make exploratory punctures, and, if they were positive in 
the result, to open the operative wound, to drain anew and to replace the disinfecting 
tubes. 

The results obtained by this method were excellent. Upon an average, at the end 
of three weeks examination showed the thoracic wall not sunken in, lung mobile and 
painless, without signs of pleurisy and with normal breathing over the whole lung. 
The wound of the patients thus treated was closed at the end of fourteen days and 
healed permanently. Others were subjected to disinfection during periods varying 
from fifteen to sixteen days. Many of their colleagues had applied the same technic, 
with the same results. 
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TOTAL PLEURECTOMY FOR PACHYPLEURITIS 


(Quatre nouveaux cas de pleurectomie totale pour infection pleurale avec pachy- 
pleurite.) Dr. J. L. Roux-Berger reports four cases of pleurectomy with decortication 
of the lung done for the pachy-pleuritis due to pleural infections consecutive to wounds 
of the lung from shell fragments. In these four cases the infection evidently had as 
its cause incompleteness of the original operation. The orifice of entrance of the 
fractured rib had been correctly treated in the primary operation, but the shell fragment 
within or near the pleura had been left behind. 

As to the technic of the pleurectomy, the difficulty consists, once the lung has 
been released, to assure a sufficient drainage of the pleura without such drainage being 
too prolonged so as to prevent a new retraction of the lung and the formation of a new 
sac immobilizing it. 

The operative consequences were of the most simple character. The most rapid 
cure was obtained in a patient in which a very extensive pneumopexy was done, fixing 
to the parietes almost the entire lower border of the lung, and thus preventing secondary 
retraction. The author purposes, if he should have to treat another similar case, to 
attempt by extensive pneumopexy to fasten to the parietes a very large surface of 
the lung tissue. As far as the distensibility of the lung will permit it, such a manner 
of treatment will insure all the advantages of drainage without its inconvenience. 

Of the four cases subjected to operation, three were discharged cured; that is to 
say, they were completely healed, but it is not claimed that this anatomical cure corre- 
sponds to a physiological cure. In the fourth case a small pleural fistula remained. 

Lungs immobilized for so long a time within a rigid case in contact with a sup- 
purating cavity fixed to the thoracic wall by adhesions, can only regain a very mediocre 
functional ability. ; 

All the patients came under treatment in very bad condition with suppurating 
fistule; in two of them bronchial fistula were present. In two of the patients the 
operation was divided into two steps, with intervening periods of from three to six 
weeks. In the first intervention a large costal resection was done, with excision of the 
fistula, removal of the projectile, the cutting away of the thickened part of the parietal 
pleura, the careful closing of the whole pleural cavity, with regular drainage and irriga- 
tions after the method of Dakin until the cavity had become sterilized. At the second 
intervention, after the removal of the newly formed osteo-fibrinous tissue, the lung was 
decorticated by excision as completely as possible of the thick fibrinous cover which 
bound it down. The inflated lung was then fixed to the chest wall by various points of 
suture. The wound in the chest wall was then sutured, with a drain in place. 

The author advocates in similar cases as extensive a pneumopexy as possible. The 
broader the fixation the better the result. 
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Advancing Age 


is marked by an_ increasing pre- 
ponderance of tissue breakdown 
over tissue repair, which renders 
proper feeding a most important 
measure. 


A well-balanced supply of the 
‘chemical foods’, calcium, sodium, 
potassium, manganese, phosphorus, 
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ing. And the so-called ‘*dynamic”’ 
action of strychnine and quinine, 
administered in continuous small 
doses, impedes the progress of de- 
structive metabolism. 


Syr. Hypophosphites Comp. 
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contains these elements in a uni- 
form, palatable, stable, and easily- 
assimilable form. And the clin- 
ical results from over fifty years of 
use bear witness to its usefulness 
in advancing age. 


Literature and Samples on request 
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Electric Sterilizer With Four New Features 


Push down on the cool lever— 
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tray out of the boiling water. There are no 
more finger burns from steam and hot water. 


The Castle Automatic switch (patented) 
shuts off the current just before all the water 
is evaporated, so that you cannot overheat 
the Sterilizer or burn up your instruments. 


Cost of operation is reduced to a mir imu 1 by a three heat 
control. The switch that controls the right on the end 
of the Sterilizer and has a dial that ‘ler es which heat is 
an. 


Faucet is provided to draw off the water and make it unneces- 

sary to disconnect the Sterilizer every time it is emptied 
Castle-Rochester Sterilizers are sold by the leaaing 
Surgical Instrument dealers. Information can be 


secured from your dealer or direct from t 


Wilmot Castle Co. 


115 University Ave., Rochester, N. Y., U. S. A. 


No. 
No. 413—13x5x3!¢ 


No. 416—16x6x3!4 Makers of the largest line of Sterilizers for physicians, 


laboratories, hospitals and dentists. 


AMERICAN-MADE NQOVOCAIN SERVICE 


(Procaine-Metz) 


We have furnished the U. 5. Government with practically 
the entire output of our factory, including Novocain 
Powder, Novocain Tablets, and Novocain Suprarenin 
Tablets. 


This fact has restricted our output to the profession, but 
: our increased production now enables us to supply Novo- 
cain through the regular trade channels promptly. 


3 Insist on N-S Tablets! No Harrison Narcotic Blank 
required. 
Send us the name of your dealer ! 


H. A. METZ LABORATORIES, INC. 
122 Hudson Street New York | 
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iad He Has | wo Good Le S 
Ss = 
= Although a man may lose both his legs, he is not necessarily 
nt = > 
ie = helpless. By using artificial legs of Marks Parent he can be : 
ie = restored to usefulness. One of these engravings is from an in- 
= stantaneous photograph of a man ascending a ladder. He has 
4) 2 two artificial legs substituting his natural ones, which were crushed 
2 ina railroad accident. With Marks Patent Rubber Feet with 
at = Spring Mattress he can ascend or descend a ladder, balance him- 
aa = self on the rungs, and have his hands at liberty. He can work at 
at = a bench and earn a good day’s wages. He can walk and mingle 
nd = with persons without betraying his loss; in fact, he is restored 
7 = to himself for all practical purposes. 
! = With the old method of complicated ankle joints, 
: = these results could not be so thoroughly attained. SS 
Ez Over 50,000 in use, scattered in all parts of the world. ee 
= Purchased by the United States Government 
and many Foreign Governments. 
= d for MANUAL OF ARTIFICIAL LIMBS, containing 384 pages, with 674 cuts. Instruc- 
= are given how to take measurements and obtiin artificial limbs without leaving home. 
: A. A. MARKS } 
= 696-702 BROADWAY NEW YORK, U.S.A. = 3 
For Superficial and Cavity Applications 
Because of the constant activity of Radium the dosage of t 
10 lied accurately 1 by the use Applicat 
th Flat The cost of thes —_ ators is easily wit in the 
( 1 ( he ( ner, and t no up ex 
Gold back saan Element content standardized and guaranteed. 
fo ure on Radium an 25, 50.and 100 
Milligram 
RADIUM CHEMICAL CO. Pi burgh, Pa, 
and Laboratories ts urg a. 
ASTOR TRUST BLDG., NEW YORK MARSHALL-FIELD ANNEX BLDG.. CHICAGO BUTLER BLDG., SAN FRANCISCO LITTLE BLDG., BOSTON 
k ° S ° By the Physicians’ Radium 
aqium CrvVvliCeE Association of Chicago (Inc.) 
Established to make Radium more available MIDDLE STATES 
tor approved therapeutic purposes in the 
Has the ie e equipment needed to meet the special requirement 
any case in which Radium Therapy is indicated. Radium furnished to respon i te 
' physicians, or treatments given here, if preferred. Moderate rental fees charged. 
Board of Directors For full partic ular 
WILLIAM L. BAUM, M.D. 
N. SPRO N , 
| FREDERICK MENGE, MD. THE PHYSICIANS RADIUM ASSOCIATION 
THOMAS J. WATKINS, M.D. 
| ALBERT WOELFEL- M.D. 1110 Tower Building, Chicago Managing Director: Albert Woelfel, M.D. 
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Preparing Perfect 


Surgical Gut 
No. STERILIZATION 


The sterilization of Hollister Catgut Liga- 
tures 1s practically a « 
from the moment of the animal’s slaughter. 
Bacterial development in the material itself 
is inhibited always, while the process of per- 
oxide and sulphur bleaching thr 
each individual strip of tissue passes | 
spinning results in its actual sterilizat 
this stage of manufacture; though here con- 
sidered as merely contributing to the final 
aseptic result. 
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Preliminary sterilization was considered in 
detail in the preceding issue, which 

briefly: subjection of the finished raw gut 
to a temperature of not less than 150°C. on 
each of two successive days, and immedi- 
ate immersion in an antiseptic hydrocar- 
bon, which effectually protects the gut from 
moisture during subsequent operations. 


Cut into the standard suture lengths of 
twenty and sixty inches, the catgut is now 
tubed in our patented solution (a highly 


purified hydrocarbon of the paraffin series) 
and immediately sealed. 
Dehydration being absolute, the sealed 
sutures may now be subjected to a te mper- 
ature in steam under pressure far in excess 
of any pressure generally accepted as in- 
suring absolute sterilization—and this re- 
peated on the second day as a margin of 
Safety. 


Hollister Ligatures can be obtained 
wherever Surgical supplies are sold. 


HOLLISTER-WILSON LABORATORIES} 


4444-46-48 S. Ashland Avenue 
Chicago, U. S. A. 


DOCTOR! 


Here’s a 


run-clown 


ED GEQ RENE" SCALPELS 


THE SCALPEL SHARPENER BA fw 
fo Sharpen Scaipels. ' fter applying 


vil not Damage Keen Edvt EDGEORENE 


ient quantity of Edgeoren 
Spreading with knife until ¢ 
Men” back. If a razor edge 
wth Edgeorene is exe to strop, induees the 
for Razors, Et. . 

keenest edge pe ssible 

to produce on a 

scalpel. 
Old sealpels are made 


of fine steel; don’t throw them away. 
KDGEORENE will not damage your instru- 
ments; sterilizing will not damage the 
It’s ideal for sharpening and cleaning hypo- 
dermic needles. Used by surgeons through- 
out the world! Lasts for years Send $1.00. 
Try it for ten days. If not satisfied, return 
it and get your money back. Special price in 
dozen lots to Hospitals and Sanatoriums. 


EDGEORENE MFG. COMPANY 


46 Schmidt Bldg. DAVENPORT, IOWA. 


tonic for 
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It acts marvelously ! 


edge. 


Fills a Long-Felt Need 
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The Modern Surgical 


A non-adherent flexible, transparent, and 
waterproof tissue that can be ster lized i. al 
antiseptic solution, or by boiling. 


Applied after operation to prevent band- 
ages from sticking and tearing the new ce! 
Being transparent it permits 
less examination. 

Ideal for drain tubes. 
removed, being non-adherent. 

Over skin grafts—being transparent the 
strips can be examined without d setet bis g 
dressings. 

Over burns, used alone, or dipped in paraf 
fin solutions, it promotes rapid healing 

Replaces oiled silk, etc., at 40° saving 


quick and pain- 


Can be readil; 


=  incost. 

= Send for suggestions for its use in y: 

= operating room. Every surgeon will appre- 

= ciate its merits immediately. 

= ) $1.00 

Sheets, 18x36 inches, 35c or $3.50 a doz. 


770 S. Western Ave. 


Geo. W. Brady & Co. 
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Send aPostCard forthis 
4 Valuable BLOOD PRESSURE 
SMIANUAL it describes 


3 SPHYGMON ANOMETER Tyc COS 
N°E 101 260 
7 SPHYGMOMANOMETER 
oad Ask Your Surgical Instrument 
Dealer to Demonstrate it. — 


Price $25°° 
Kaylor Instrument Companies Rochester 


MAKERS OF Tycos FEVER THERMOMETERS, URINARY GLASSWARE.CAMBRIDGE 
ELECTROCAR DIOGRAPH- ETC. 
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ROENTGEN APPARATUS 


The Efficiency of your Roentgen 
Ray Department is in Direct 
Ratio to the Technical Excel- 
lence of the Apparatus Installed 


SEND FOR LITERATURE DESCRIBING THE 


Interrupterless Transformer 


Stereoscopic Tube Stand 


High F Coil 
TUBE TILT TABLE igh Frequency Colls 


Fluoroscopy, Stereoscopy, Radiography in Any Desired Position 


Campbell Electric Corporation, Lynn, Mass. 


Accessory Equipment 


ANTI-P Y-0 


Mouth Wash 
and 
Dental Cream 


Against Germ Infection 


SHERMAN’S 


Influenza Vaccine No. 38 
Will abort Colds, Grippe 


Influenza and Pneumonia 


EACH MIL. CONTAINS 
Influenza B. strains from present 


epidemic and others........ 200,000,000 For CLEAN TEETH 
Streptococci, many hemolytic FIRM GUMS—HEALTH 
and other types.. 100,000,000 
Pneumococci, type 1, 2, 3 and 4, 
in proper proportions 100,000,000 wales: 
Micrococcus Catarrhalis, leading 9.30 per 2 02. 
members of the group........ 200,000,000 bottle or 
Staphylococcus Albus, many medium tube 
ec ea 200,000,000 $.60 per 6 oz. bottle or large 
Staphylococcus Aureus, man tube 
200,000,000 
Wholesale Prices: 
This Vaccine is also used with success oe a 
in the prophylaxis of these diseases 2o-ge per dozen 
$5.00 per dozen 
Write for report on 300,000 inoculations 
of Influenza Vaccine in the present epidemic. IF R E E 
G. H. SHERMAN, M.D. LARGE TRIAL TUBE 
DETROIT, MICH. The Antidolor Manufacturing Co. 


4 Main Street, Springville, N.Y. 
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robilin Orthopedic Apparatus 
Pills 


After a case of gall stones has been 


Our facilities in this 
department are unsur- 


passed. In the 


of expert orthopedists, 
your ‘orders will have 
the best attention 
operated upon possible. 

Appliances for Spinal 
Curvature, Infantile 
Paralysis, Talipes Varus, 
GenuV al — or for any 


here still remains the tendency of 
recurrence to be fought against. 

Periodical courses of Probilin Pills 
treatment are of demonstrated merit. 

Our literature tells how. whic h is indicat ed ge 
Literature on request. the application of a 
scientifically made de- 
vice, will, if placed in 


our hands, be guaranteed 


MADE IN U.S.A. 


FURNISHED SIXTY IN AMBER 


WITH GREEN LABEL AND RED 
AT BEFORE-THE-WAR PRICE. = Infantile Paralysis Brace 


SCHERING &GLATZ,|nc.NewYork FEICK BROTHERS CO. 
, 809 Liberty Avenue PITTSBURGH, PA. 


to give satisfaction. 
= dj ” a blanks. 


ur inquiries. 
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X-RAY PLATES AND APPARATUS 


American Photo Chemical Co. 13 
Campbell Electric Corporation. . . be 6 
Victor Electric Corporation. ...... 14 


PHARMACEUTICAL SUPPLIES 
H. A. Metz Laboratories 


& Sons Co. . ae ‘ 23 

G. H. Sherman, M.D. . 6 


PHARMACEUTICAL 


B. B. Culture Laboratory. 17 
Fellows Mfg. Co. I 
Purdue Frederick Co. .. . Covet 
Rector Chemical Co, <> 17 


FOOD PRODUCTS 
Valentine Meat Juice Co. ... . Cover 
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All our instruments may 
be operated upon our tung- 
sten battery or upon com- 
mercial current by means 


Electrically Lighted 


Surgical Instruments 


From the best materials obtainable, and by skilled workmen, E. S. I. Co. instru- 


ments are made. Weare the originators and exclusive 
manufacturers of the most valuable diagnostic in- 
struments in use. Ourinstruments are made accord- 
ing to the ideas of Jackson, Holmes, Kelly, 
Young, Swinburne, Braasch, MacGowan, 


of the socket current con- 
troller here illustrated. 


Koch, Tuttle, Lynch and others. 

equipped with superior tungsten lamps. 
Catalogue Sent Upon Request 

For your own protection be sure every instrumentis marked ‘‘E. S.I. Co.” 


ELECTRO SURGICAL INSTRUMENT CO. 


All are 


Battery 


ROCHESTER, N. Y. 


THE ELECTRIC 


This Cut shows the latest model with feat- 
ures, as follows: 


It is furnished with or without white enaim- 
elled stand. Made in three stock sizes. 
further information, ask your dealer or re- 
quest illustrated circular from 


The Prometheus Electric Co. 


511 WEST 42d STREET 


STERILIZER 


Standard of the Profession 


No. 1—Lever attachment to raise 
cover and tray with one 
operation. 

No. 2—Automatic cut-out, con- 
structed along the lines of 


a switch, absolutely depend- 
able and fool-proof. 

No. 3—Unique Electric Heater, 
without wire or ribbon. 

No. 4—Switch giving three degrees 
of heat. 

No. 5—Faucet with wooden handle 
to draw off water. 


For 


NEW YORK 


The WALKEASY 


ARTIFICIAL LEG 
Our Art a valuable informa- 
tion on Care and Treatment of Stump Prepara- 
tory to spplying an Art Limb. How Soon te 
Apply. Art Limbs for Children. Directions 
for Self-Measurement, etc., etc. 


Eurcen Co., Rocnseren, N.Y: 


DR. BARNES SANITARIUM 


STAMFORD, CONN. 


A Private Sanitarium for Mental and Nervous 
Diseases. . Cases of General Invalidism. 
Separate Department for Cases of Inebriety. 


The buildings are modern, situated in spacious and attractive 
grounds, commanding superb views of Long Island Sound and 
surrounding hill country. The accommodations, table, at- 
tendance, nursing and all appointments are first-class in every 
respect. The purpose of the Institution is to give proper 
medical care and the special attention needed in each individ- 
ualcase. s5o0minutes from Grand Central Station. 


For terms and illustrated booklet, address 


F. H. BARNES, M.D., Med. Supt. 


Telephone 1867 


| | 
EE 
$1 

| 

| 

| 

| 
| 
| 


IUM 


IN ALL ITS FORMS 


Correspondence Solicited 
THE W. L. CUMMINGS CHEMICAL CO. 


Lansdowne, Pa. 


= 
nuso | HOTEL CHELSEA } 
HEMORRHOIDAL West Twenrty-Tuirp Str Seventy AVENUE 
Suppositories 
The Fireproof Hotel of New York 
= EUROPEAN PLAN 
ALL OUTSIDE ROOMS 
500 Rooms—400 Baths 4 
Room with adjoining bath - $1.00 and $1.50 
B Two Persons - - - - - - $2.00 and $2.50 ~ 
Room with private bat] 
One Person- - - --------=-- $2.00 
+ Two Persons - - - ~----+-+-+-- $.W @ 
Suites: 
Parlor, bedroom and bath, $3.00and upward § 
‘ Three minutes from Penns) Station, ten minutes 
from Grand Centra |Statior Within convenient walk 
ing distance of shopping and theatre districts. Nearest 
= hotel to the steamship piers and to the railway ter- 
minals at foot of West Twenty-third Street. 
ESTAURANT A LA CARTE AND TABLE D' Hore. 
LUB 35c.: LUNcH EONS, 50c. 
WHITE,RED AND BLACK LABEL 
AT BEFORE-THE-WAR PRICE. 
SCHERING SGLATZ | N. Yor § SPECIAL TERMS TO TOURIST PARTIES : 
New Colored Map of New York Sent Free on Application 
4 


The House of 
Taylor 


HOTEL 


BROADWAY, 32d STREET, NEW YORK 
One Block from oe Station—Equ onvenient for Amuse- 
ments, Shopping or B 
157 Pleasant Rooms, with Private Bath. 


$2.50 PER DAY 


257 Excellent Rooms, with Private Bath, facing street, 
southern exposure 
$3.00 PER DAY 
ALSO ATTRACTIVE ROOMS FROM $1.50. 


The Restaurant Prices Are Most Moderate. 


400 sATHS 
600 ROOMS 
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ATLANTIC CITY 


ALWAYS OPEN 
RIGHT ON THE BEACH AND THE BOARDWALK 


Appeals particularly to cultivated people 
who seek rest and recreation at the Sea 
Shore, Summer or Winter. From every 
section of the country such guests have come 
to Haddon Hall for 40 years—and come 
back again and again—it is so satisfying, 
so free from ostentation, so comfortable and 


sufficient. Every facility is offered young 
and old for enjoyment. 


Fascinating shops and a thousand amusements are 
offered along the famous Boardwalk. Privileges of 
fine golf and yacht clubs Rooms are comfortable 
and attractive—there is delightful music—and always 


interesting people. 


| Make reservations—write for illustrated folder 


LEEDS & LIPPINCOTT 


wy 


and Empyema 


The high percentage of deaths from infection by the s¢veplococcus 
hemolyticus complicating pneumonia, warrants our calling attention 
to the importance of 


Ist. IMMUNIZATION 


Preventing Infection with an appropriate Serobacterin or 
Bacterin. Reports from physicians in charge of medical work con- 
nected with industrial institutions, boards of health, and general 
practitioners, abundantly justify the prophylactic use of Influenza 
Serobacterin containing the organisms isolated from the present 
epidemic, in preventing influenza and pneumonia. 


2d. TREATMENT 
In streptococcus pneumonia the early use of Antistreptococcic 
Serum Polyvalent administered intravenously, in full doses (100 
to 200 mils), repeated every S to 12 hours or as indicated. 
This serum contains the antibodies against the different streptococci 
isolated from the present epidemic. Especial reference is made to the 
Slr éplococcus hemolyticus 


In pneumococcus pneumonia the early use of Antipneumo- 
coccic Serum Polyvalent administered intravenously in full doses 
(100 to 200 mils), repeated every 8 to 12 hours or as indicated. 
The Medical Departments of the United States Army and Navy recog- 
nize the serum treatment as specific. 


In mixed infections the conjoint use of both sera is indicated. 


We prepare a Monovalent Antipneumococcic Serum Type I 
and a Polyvalent Antipneumococcic Serum. The polyvalent serum 
contains the same amount of antibodies against Type I pneumococcus 
as the Type I serum and in addition contains antibodies against 
Types II and III. 


The danger of delayed administration of serum while making 
type determination and the danger of re-infection during convales- 
cence is recognized; therefore, preference may be given to the 
polyvalent serum in routine practice where type determination is 
impractical. 

These Serums are furnished in 50-mil Ampuls 
with apparatus for intravenous injection. 


Literature mailed upon request 


H. K. MULFORD CO., Philadelphia, U.S. A. 


Manufacturing and Biological Chemists 
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IN SURGICAL DRESSINGS 


ro + 
TTT 
SURGICAL DRESSING. 

Non-Adherent Non-Occlusive == 
Ht 1. TIME OF SURGEON Ht 
S V 2. TIME OF NURSES oes 

ane 3. QUANTITY OF DRESSINGS HH 
A non-sticking, open-mesh dressing impregnated with Parresine ee 

which prevents all over-dressings from adhering and insures free cies 

wound drainage. For use in surgical operations, incised, con- jenes 

tused, or lacerated wounds, burns, ulcers and bruises. ay 

60 complete dressings an hour, saving 75% of absorbent cotton, roller bandage, jonas 

and cotton gauze, is the record produced by the Pennsylvania Hospital, Midvale trot 

Steel Company's Hospital, and South Bethlehem Steel Company's Hospital, try 

using PARRESINED LACE-MESH Surgical Dressing in association with Ht 

Dakin’s DICHLORAMINE-T in CHLORCOSANE solution. rrr 


FREE TRIAL PACKAGE aa 


MAY WE SEND YOU A SAMPLE of this remarkable new dressing and pa } 


our new booklet describing it more fully and giving the technic as developed during ee 


the past two years in thousands of cases, including the latest technic for the use of 


Dichloramine-T, Chlorcosane, Chlorazene, and Parresine ? 


as PARRESINED LACE-MESH SURGICAL DRESSING is supplied in 


boxes of six envelopes, each containing a strip of the dressing 6x1& inches. Price 


per box, $1.20. 


THE ABBOTT LABORATORIES Ht 


sae Home Office and Laboratories, Chicago, Dept. 102 
aoe 
New York Seattle San Francisco Los Angeles Toronto Bombay 
+ +4 4. 
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Unvarying Uniformity 


Unvarying uniformity of speed, contrast, 
density and detail mean that Diagnos- 
tic X-Ray Plates will enable you to se- 
cure uniformly better results. 

Diagnostic X-Ray Plates are by far the 
fastest plates made — and they give a 
crispness of detail, a brilliance of con- 
trast that are unsurpassed. Made from 
new glass always—absolutely clear and 
flawless. 

Their speed gives a worth while eco- 
nomy in tubes; their qualities of portrayal 
are an aid to correct diagnosis. 

Diagnostic X-Ray Plates are equally 
excellent for direct and screen work. 


AMERICAN PHOTO CHEMICAL COMPANY 
ROCHESTER NEW YORK 


For Sale by Leading Supply Houses 
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Victor Bone Surgery Apparatus = 


apparatus is de- 
signed for sawing, 
drilling, trephining and 
curetting of bone, as well 
as for mastoid surgery. 


The Victor 


Bone Surgery 
Engine 


is designed specially for 
this work. It is con- 
structed on the “flexible 
shaft” principle which 
makes for greatly in- 
creased flexibility of 
the outfit. 


Write for Descriptive Bulletin 204 


VICTOR ELECTRIC CORPORATION 


Manufacturers of a Complete Line of Roentgen and Elec:ro-Medical Apparatus 5 


CHICAGO CAMBRIDGE, MASS. NEW Y 
73 


236 S. Robey St. 66 Broadway 13 


NEW YORK SEATTLE NEW ORLEANS TORONTO =| 
131 E. 25rd St. 52 Cobb Bldg. 606-608 Maison Bianche 24 Hayter St. ~~ 
( CAMBRIDGE KANSAS CITY, MO. MINNEAPOLIS WINNIPEG 5 
( 66 Broadway 414 E. 10th St. 220 La Salle Bidg. Keewayden Block ‘eS 
St 103 Broadway 708 Colorado St. VANCOUVER 

30 E. Randolph St. ALB ANY. Y. CLEVELAND 530 Smythe St 

xa ita OKLAHOMA CITY PITTSBURGH 334 Sutter St 
1610 N. College Ave. 620 Fulton Bldg. 
3 OMAHA LOUISVILLE FT. WAYNE, IND. BUFFATO. N. ¥ 3 | 
390 Brandeis Theatre Bldg. 433 Atherton Bldg. 1333 Calhoun St 318 Pearl St 


DENVER ROCHESTER, N. DES MOINES _ ATLANTA 
D) 1415 Glenarm St. 840 Genesee St. 518-22 Utica Bldg. 513 Hurt Bldg. ta 
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NEW METHOD USED by the 
of Treating U. S. 


EMPYEMA - ARMY 
X 


McHENRY-BREWER EMPYEMA TUBE 


For the administration of Dakin’s solution 
by the Carrel Method 
$2.00 


Price of Empyema Tube 
Price of Carrel apparatus with the heavy brown glass reservoir to_ prevent chemical 
$6.00 


disintegration 


SPINAL 
MANOMETER 


For the Absolute Determination 
of Intracranial Pressure in 


BRAIN SURGERY 


Devised by 


DR. L. H. LANDON 


he Carneg 


Assistant Chief Sur 
Si ny 


An instrument of precision. 


An invaluable aid to the physician 
and to the surgeon in the diagnosis 
and prognosis—as well as a guide in 
the treatment—of affections of the 
central nervous system, specially 
meningitis, epilepsy, tumors and 
fractures of the skull. 


Refer to Dr. Landon’s Article, Journal A. 
M. A., May 26, 1917 


Write us for special catalogue of Newest Splints, General Operating and Bor Surgery Instruments, 
Carrel Instillation Apparatus, Ambrine Atomizer, Sherman Sterilization Pessary, Ete 


HARVEY R. PIERCE COMPANY 


1801 Chestnut Street The Modern Surgical Instrument Store PHILADELPHIA 


PITTSBURGH SALES OFFICE, 3030-3031-3032-3033 JENKINS ARCADE 
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Make the Test 


Compare It Poin Point for Point With any et 


We Will Send the 


Sizes C.DE Wirr LUKENS 
4908 Laclede Ave. 
ST. LOUIS, MO., U.S.A. 


utures 


Sit for 


ical Sutures 


DAY 
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PROCAINE 


A Local Anesthetic Chemically Identical with Novocain. 


In 1917, when no American concern was making this drug and the German 
manufacturers had prohibited the sale of their product to our allies, this 


Company placed its resources at the Government’s disposal and agreed to 
produce P ROC AINE for the United States. 


Ten thousand bottles of PROCAINE went to the Navy, over ten thousand 
ounces to the Army, besides over a million tablets. We have also s pplied , 
the needs of the Red Cross, hospitals and the medical and dental professions. 


All this was accomplished without German help, by American-born and 
trained chemists. 


RECTOR PRODUCTS ARE 100% AMER CAN, 
When ordering PROCAINE, insist upon PROCAINE made by 


Rector Chemical Company, Inc. 
Plant, Brooklyn, N. Y. Office, 2 Rector Street, New York City 


EVIDENT 


that the effectiveness of a lactic culture for external 


use 1s dependent on its viability. 


B. B. CULTURE is capable of rapid reproduction 
and growth and is thereby suitable for use as a biolog- 
ical antiseptic in pus cavities and post-operative work. 


Sample with literature gladly furnished for trial. 


B. B. CULTURE LABORATORY 


YONKERS NEW YORK 
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DAVIS FIFTH EDITION 


inslated into Italiar 


APPLIED ANATOMY 


By GWILYM G. DAVIS 


Associate Professor of Applied Anatomy, 
University of Pennsylvania 


Octavo. 630 pages. 630 illustrations in colors and black. Cloth, $7.00 


“4 | NHIS book points out the application of anatomical facts to the explanation of 


normal functions, and traumatic and pathological derangements of the body, 
as well as their utility in the actual practice of medicine and surgery. It is to a work 
such as this that the practitioner turns eagerly for information. In the case of this 
volume he will not do so in vain. The author has produced a standard work which 
is not only well written, but exceptionally well illustrated. A student may have 
studied the palmar fascia, but unless he is shown how its construction influences the 
course of pus originating beneath it, his anatomical knowledge is useless. It is writ- 
ten in the most concise form possible. The main facts of fundamental anatomy are 
alluded to briefly. Then the structure of the part in relation to its functions is con- 
sidered, and finally the relation of the various structures to the affections of that part 
is discussed in detail. 

In this way the various parts of the body are considered: The skull and its 
injuries; the brain and its diseases; the neck and the operations on it; the chest and 
abdomen in relation to physical diagnosis, operations, etc.; the extremities and their 
injuries and disabilities. The subjects of fractures and luxations especially are con- 
sidered in detail; also special subjects such as hernia, affections of the gall-bladder, 
kidneys, intestines, etc., as well as the topography of parts involved in operations. It 
is one of the most fully illustrated works extant; and the illustrations, numbering over 
600, are nearly all original and were prepared especially for this book, Dr. Davis has 
not given you the things you know, but the things that you do not know, and the 
things that you won't find in a surgery or any other books on Applied Anatomy. For 
instance, he takes the fascia of the hand; certain parts are weak. Abscesses or forma- 
tions of pus break through the weak parts. He shows you where these weak parts 


are; consequently, the best places to evacuate pus, etc. 


J. B. LIPPINCOTT COMPANY, PHILADELPHIA 
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IN 


X-RAYS A useful 


booklet 

for the 
Roentgen- 
ologist. 


EASTMAN KODAK CO. 
ROCHESTER, N. ¥ 


HIS little booklet, fresh from the press, should be in the 
hands of every Roentgenologist. It outlines in the fol- 
lowing chapters, briefly, but practically, the methods which 


will promote the more efficient use of X-Ray materials: 


X-RAY PHOTOGRAPHIC PHYSICS DARK-ROOM PROCEDURE 
The Generation of X-Rays, DEVELOPING PROCEDURE 
Exposure, Theory of Position- ‘ 
DEVELOPERS AND FIXING BATHS 


ing, Radiation, Diaphragms 
Screen Technique. 


THE USE OF DENTAL X-RAY FILMS 


LANTERN SLIDE MAKING AND 
COPYING. 


Send for free copy. 


EASTMAN KODAK CoO., Rocuester, N. Y. 
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A SIMPLIFIED OFFICE TREATMENT 
FOR 


SYPHILIS 
ARSENOVEN 


(DIMETHYLARSENIN 15.4 GRS., MERCURY BINIOD. 1/10 GR., SOD. IOD. % GR.) 


A combination of arsenic and mercury for office use, offering 
maximum efficiency, safety and convenience. 
Given INTRAVENOUSLY with a 5 ce. All-Glass Syringe and 
a 24 gauge needle. 

LITERATURE ON REQUEST 


BOXES OF SIX 5 cc. AMPULES, $5.00 


THE S. S. PRODUCTS CO. 


826 WALNUT STREET PHILADELPHIA, PA. 


ATLANTIC CITY, 


Winter days on the 
South Jersey Coast are 

delightful. 
CHALFONTE 
peals to cultivated, 
interesting people 
seeking rest and rec- 
reation. Modern 
in every] particular. 
Right on‘the Beach 
and Boardwalk. All 
sports and pastimes. 
Golf-club privileges. 
American Plan 


Always Open 


THE 
LEEDS COMPANY 
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ANTISEPTIC 
LOCAL ANAESTHETIC 
with Cocaine 
and with Novocain 
THE BEST IN THE WORLD 


Price: With Cocaine 
In 1 and 2 oz. bottles 


I oz., $.80; 12 02., $8.40 


‘To TEMPT 
INDIFFERENT 


50 0Z., 30.00; 100 0Z., 55.00 


Dainty dishes forthe sick and those 
who are not sick but desire their food 


In 114CC ampules: 


I be 50 

prepared in an appetizing, wholesome 12 boxes, 8.40 
manner. 50 boxes, 30.00 
Particular attention is given to the 100 boxes, 55.00 


instructions lor se rving : and g garnis hing 


In 2)4CC ampules: 


** This is an exce needed 


volume not only for hheephale, where it has 1 box, $1.00 
been used with success, but also in the 12 boxes. 10.20 
home.”’— 7>t4une, Chic 

** Every house-keeper should use sucha 59 DOXeS, 47.50 
cook-book, so as t« ) preserve the health and 100 boxes, 70.00 
digestion of those in her care.""—Zhe Key- 


stone, Charleston, S. ( 


No ¢ uantity rate. 
I oz., $.80; 1 box 14%4CC ampules, $.80 
I box 216CC ar pule $1.00 
At all booksellers, or will be sent, postpaid, by The Antidolor Manufacturing Co 
J. B. LIPPINCOTT COMPANY 4 Main St., Springville, N. Y. 


PUBLISHERS PHILADELPHIA 


By Helena V. Sachse Cloth, $1.25 


BOVININE 


To Build Up the Tissues 


Q put resisting power into the tissues of the debilitated (those 
who otherwise would fall easy victims of Grippe, Bronchitis, 
Influenza and Pneumonia) it is BOVININE which is of 

supreme value. 

Resistance against disease lies in a rich blood stream and stable 
nervous vigor, conditions brought about by the essential elements of 
BOVININE, its nucleo albumin and its iron. 


Write TODAY for sample bottle. It will be sent free 


with one of our convenient Sterilizable Tongue Depressors 


THE BOVININE COMPANY 


75 West Houston Street, New York 


SIMPLE TASTY RECIPES” 
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HIRST Almost Ready 


Atlas of Operative Gynecology 


By BARTON COOKE HIRST, M.D. 


Professor of Gynecology and Obstetrics, University of Pennsylvania 
Octavo Profusely Illustrated Many Colored Plates Cloth, $7.00 


HE author has used the graphic method of describing operations for 
conditions peculiar to women, by a series of colored illustrations 
showing the separate steps of each operative procedure. 


The text has been subordinated to the illustrations, saving the reader's 
time and lightening the burden of obtaining a grasp of the subject. 


The work has been confined strictly to conditions peculiar to women, 
leaving the operations common to both sexes to the general surgeon. 


The views expressed and the operative technique advocated are based 
on many years’ experience in dealing with all the conditions peculiar to 
women, an experience which the author believes is necessary to a correct 
judgment in selecting the operation best suited to a woman’s subsequent 
life history. 


TABLE OF CONTENTS 

The Equipment and Preparation for Gynecological Operations—The Operating 
Room; The Operating Tables. Instruments. The Patient. Preparation for Vaginal Opera- 
tions. Preparations for an Abdominal Section. Operative Technique. A Rational Peri- 
neorrhaphy. The After-treatment of Perineorrhaphies. The Operation for Complete Tear of 
the Perineum through the Sphincter Ani. The Repair of Injuries of the Anterior Vaginal 
Wall Involving the Supports of the Bladder. Interposition. Injuries of the Cervix. 
Fistula of the Urogenital Tract. Ureteral Fistula. The Vaginal Operations for Ureteral 
Fistula. Operative Treatment of Retroversion of the Uterus. Prolapse of the Uterus. 
Inversion of the Uterus. Dilatation of the Cervical Canal. Instrumental Dilatation of 
the Cervical Canal. Anterior Vaginal Hysterotomy. Operation for Enlarging the Vaginal 
Introitus in Cases of Vaginismus. Operations for Gynatresia. Operations on the Vulva. 
An Operation for Anus Vestibularis. Operations for Hermaphroditism. Removal of the 
Vulvo-vaginal or Bartholin’s Gland. Salpingectomy. Oophorectomy. Hysterectomy. 
Pan Hysterectomy. Pregnancy Complicating Cancer of the Uterus. Cuneiform Hyster- 
ectomy at the Fundus or the Cornua. Supra Vaginal Extra Peritoneal Hysterectomy. 
Vaginal Hysterectomy. Cesarean Section. The Conservative Cesarean Section. The 
Porro Operation. Pan Hysterectomy with Cesarean Section. Extra Peritoneal Cesarean 
Section. Pubiotomy. 


J. B. LIPPINCOTT COMPANY, PHILADELPHIA 
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; Squibb’s Mineral Oil OR the Insane, Imbeciles, Patients 
known as in Coma, Hysterical Patients and all 
y Liquid Petrolatum other cases of Irresponsibility, of Uncon- 

Squibb sciousness and of Altered Personality, 
Heavy (Californian) Liquid Petrolatum Squibb is an effica- 


Specially refined under our cious and safe regulator of 
control, and exclusively for RELIABILITY 
us, only by the Standard Oil the bowels. =. 


Company of California 


.00 which has no connection with E-R: SQUIBB & SONS, NEWYORK 
any other Standard Oil Co. MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION SINCE 1858 
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ed | Your Dollars Buy More 
to | ook Salesman Surplus. Tires Mall 
| Surplus Tires By Mail 
BCT 
Positively Saves 40% 
nt Off Standard Price List 
Manufacturers of Standard Tires t 
us their surplus or ove rproduc- ‘es 
j tion in large lots, at immensely re- | 
, duced prices, for spot cash. When 
overstocked it is cheaper for manu- | 
*,s° facturers to sell their high-quality 
ing of ability can hear of tires, even at a sweeping reduction, 
5 than to temporarily shut down their " 
ra- ° plants and disrupt their organization. 
an exceptional oppor- | | 
Ti- That we save you and guarantee these tires 
: e e to you for 3500 miles. , 
rot 7 
' tunity by addressing They were originally built and guaranteed by the factories ] 
nal for 4000 and 5000 miles, and there is absolutely no reason t 
; : why you should not get 4000 or 5000 miles and more out 
of them—because that’s what they're built for. 
ral Non Non- 
Size Plain Skid Tubes* | Size Plain Skid Tubes* 
us. 28x3 $9.45 $10.40 $2.65 | $4x4 $20.00 $21.90 $4.55 | 
80x38 9.60 10.70 2.60 | 35x4 21.05 23.05 5.20 
ol b $2x8 11.50 12.45 3.10 | 36x4 23.50 25.50 5.35 a 
12.30 18.85 3.25 $4x4! 6 26.90 29 35 5.60 
nal j P. Q. Box 1579 $1x314 13.10 14.40 3.30 | 35x4!4 28.20 30.70 5.70 / 
va 82x36 14.30 16.20 3.40 28.60 31.15 5.90 
15.10 16.70 4.15 | 37x44 32.65 35.60 6.70 
Six4 18.30 20.75 4.25 | 35x5 $0.90 33.80 6.95 | 
the Philadelphia, Pa. $2x4 18.70 21.10 4.35 | 36x5 33.55 3675 7.65 : 
33x4 19.55 21.45 4.45 | 37x5 $2.70 $5.65 7.15 
*All tubes are firsts—guaranteed one year against defects. 
Vv | We ship C. O. D., subject to inspection. When ordering 
state what size and style you want Plain, Non-Skid, 
‘he Clincher, Q. D. or S. S. 2°, discount for cash with order. 
Prices subject to change without notice. ORDER NOW, 
an 
. 
| Philadelphia Motor Tire Co. | 
IA : Dept. H, 258 N. Broad Street, Philadelphia, Pa. | 
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SPEED—ACCURACY 
SIMPLICITY—DURABILITY 


These features have made the 


UNDERWOOD 


the 
Most Popular of Typewriters 


Ask the best typist you know 
WHY 
the 


UNDERWOOD 


“The Machine You Will Eventually Buy” 


tty 
1S 


The Winkley Artificial Limb Co. 


Largest Manufactory of Artificial Legs in the World 
Inventors and Manufacturers of the 


LATEST IMPROVED 
PATENT ADJUSTABLE 
DOUBLE SLIP SOCKET 


Artificial Leg 


Warranted not to Chafe the Stump 
PERFECT FIT GUARANTEED ‘7m snd Measurement 


Thousands of our Slip Socket Legs now being worn 
United States Government Manufacturers 


for Illustrated Catalogue 
MINNEAPOLIS, MINN., U. S. A. 


Elixir of Enzymes Pituitary Liquid (Armour) 
is a palatable-aid to diges- 
tion; an agreeable vehicle for is physiologically standard- 
iodids, bromids, salicylates, ized and is entirely free from 
etc., and supplies the curdling chemical preservatives. %4cc 
ferment for making junket. and Icc ampoules, 6 in box: 


= 


Extract of Red Bone Marrow Armour’ s Surgical Catgut Ligatures : 
is a great reconstructive and are the finest thing of the kind on 
’ the market; they arestrong, smooth 
will be found of value to and sterile. Plain and 10, 20, 30 


and 40 day Chromic, sizes Nos. 000 


atients convalescing from 
to 4, inclusive. At present, 60inch 


Influenza and other troubles. lengths only. 
ARMOUR COMPANY 
CHICAGO 


g 
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[9] 
In Delayed Convalescence 
Ss especially following Influenza, Bronchitis and Pneumonia 
[9] 


Th 


| 
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Gray’s Glycerine Tonic Comp. 
(Formula Dr. John P. Gray) 
has proven itself a remarkably effective remedy, administered 
in 2 to 4 teaspoonful doses. . 
The influence of Gray’s Glycerine Tonic Comp. on the 
physiologic processes of the body is so pronounced that 


convalescence is hastened, and the danger of unpleasant 
complications and sequelae reduced to a minimum. 


THE PURDUE FREDERICK COMPANY 
135 Christopher Street, New York 


[9] 


Valentine's Meat-Juies 


In Diarrhoea, Dysentery and Cholera 
Infantum, in the Wasting and Febrile 
Diseases of Children, and in thetreatment 
of Weak Babies, the Ease of Assimilation 
and Power of Valentine’s Meat- Juice to 
Restore and Strengthen has been demon- 
strated in Hospitals for Children. 


Diseases of Children 


-» Director Imperial Medical 
Tientsin, China: ‘‘In cases of Infantile 
Diurr which weakens and debilitates a child rapidly, 
I have found VALENTINE’S MEAT-JUICE a great stimu- 
lant and quick restorativeof vitality. Three years ago 
when an epidemic broke out in Tientsin, I ordered my 
staff to try = MEAT-JUICE, which _ — = 
pectations, ving been ‘satisfactory pa 
physicians alike.’ 


For Saie by American and European Chemists and Druggista, 
VALENTINE’S MEAT-JUICE 
RICHMOND, VIRGINIA, U. S. A. 
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CAT JUICE. 
‘The result of DIRECTIONS 
tng Ment, and extracting | the 4 
Jules by which the or three tablespoon fils of 
@Gements cf nutrition | cold or warm water. The 
are obtained im estate, use of boiling water V 7 
imomediate ab-| changes the character af | 
the preparation. 
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